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THE EFFECT OF INTRAVENOUS INJECTIONS OF CAL- 
CIUM IN TETANY AND THE INFLUENCE OF COD 
LIVER OIL AND PHOSPHORUS IN THE 
RETENTION OF CALCIUM IN 
THE BLOOD * 


ALAN BROWN, M.B.; IDA F. MacLACHLAN, B.A., 
AND 
ROY SIMPSON, M.B. 
TORONTO 


Most observers who have written on the subject of infantile tetany 
connect the cause with a disturbance of the calcium metabolism, the 
greater number believing it to be due to a deficiency of calcium in the 
tissues. The intimate association of rickets and tetany, in the former 
of which there is a definite disturbance of calcium, has been sufficient 
to suggest to many that the same salt is probably instrumental in the 
causation of tetany. The favorable influence of calcium on tetany, 
which will be discussed subsequently, gives weight to the view that a 
deficiency of calcium may play a part in the production of tetany. 

Kassowitz* and his adherents have insisted that tetany is just a 
symptom of rickets. From extensive clinical, and a few metabolism, 
observations, we are inclined to regard this statement as correct. We 
have not yet seen a case of tetany that did not show some clinical signs 
of rickets. Our observations do not coincide with Howland and 
Marriott’s to the effect that tetany is found occasionally in infants who 
present no signs of rickets. 

There is still considerable diversity of opinion regarding the thera- 
peutic employment of calcium, and not sufficient use made of the most 
effective remedy, cod liver oil and phosphorus. It was after a con- 
sideration of these two points, combined with the statement made by 
Howland and Marriott * that calcium given by mouth has a very prompt 
effect in preventing all of the symptoms of active tetany, that we were 
prompted to undertake this investigation. 


*From the wards and laboratories of the Hospital for Sick Children, and 
the Department of Pediatrics, University of Toronto. 

1. Kassowitz: Jahrb. f. Kinderh. 75:2 (Feb.) 1912. 

2. Howland and Marriott: Quart. J. Med. 11:289 (July) 1918. 
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Stoeltzner * and his co-workers believe there is a stagnation of 
calcium in the tissue. Cybulski* and Schabad ° are convinced that the 
calcium excretion is not regularly increased in tetany, yet the latter 
finds that on giving cod liver oil and phosphorus, there is a gradual 
reduction of electrical irritability with the simultaneously increased 
calcium retention. Schwarz and Bass ® failed to find any lessening of 
calcium retention. McCailum and Voegtlin’ observed that in para- 
thyroidectomized dogs the injection of calcium and magnesium salts 
stops all symptoms of tetany, and that the injection of sodium and 
potassium salts has the opposite tendency. In addition to this, they 
found a reduction of the calcium content of the tissues and blood during 
tetany, and increased excretion of calcium in the urine and feces 
while the tetany is developing. Rosenstern* reduced the electrical 
irritability by giving calcium in large amounts by mouth. 

Zybell® concluded that experimental results showed no agreement 
as to the effect on infants suffering from tetany, of long continued 
feeding of small or large doses of calcium, although occasionally one 
finds a slight reduction in the electrical irritability in the employment 
of large doses of this salt. He does not believe in any specific salt 
therapy. 

The influence of calcium on the symptoms of tetany has been 
studied in two ways. The first method was employed in an endeavor 
to disprove Stoeltzner’s hypothesis. Bogen,’® Risel,‘* Rosenstern,® 
Zybell,® and others, administered calcium in various forms and doses; 
they usually employed but one dose and determined its effect on the 
electrical reactions. From this single effect only a temporary reduction 
of the symptoms was observed. 

Netter ** and Goppert,’* on the other hand, have consistently used 
calcium in repeated doses, and have noted only an alleviation of the 
clinical symptoms, no observations being made on the electrical or 
other signs of tetany. . Recently, Howland and Marriott conducted 
an interesting series of observations on the calcium content of the 
blood in tetany. These observers conclude without reservation, that 
calcium has a very prompt effect in preventing all of the symptoms 
of active tetany. They emphasize the fact that calcium administra- 


. Stoetzner: Jahr. f. Kinderh. 12:661, 1916. 

. Cybulski: Monatschr. f. Kinderh. 5:409, 1906. 

. Schabad: Monatschr. f. Kinderh. 9:25, 1910. 

. Schwarz and Bass: Am. J. Dis. Child. 1:15, 1912. 
. Macallum and Voegtlin: J. Exper. Med. 11:118, 1909. 
. Rosenstern: Jahrb. f. Kinderh. 72:154, 1912. 

. Zybell: Jahrb. f. Kinderh. 77:29, 1913. 

10. Bogen: Monatschr. f. Kinderh. 6:228, 1907. 

11. Risel: Arch. f. Kinderh. 72:154, 1910. 

12. Netter: Compt. rend. Soc. de biol. 62:376, 1907. 
13. Goppert: Med. Klin., Berlin, 10:1003, 1914. 
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tion must be continued, however, for a long time; in addition to this, 
they also found that in tetany, during the active symptoms, the calcium 
of the serum invariably is greatly reduced and may fall as low as 
3.5 mg., while the average was 5.6 mg. They stated further, that in 
rickets the calcium shows only a moderate reduction, in some instances 
to 8 mg.; but in a number of their apparently active cases a normal 
amount of calcium was present. 

To date there have been no recorded observations on the influence 
of intravenous injections of calcium and the effect on the retention of 
calcium in the blood, and consequent reduction of symptoms. The 
nearest approach to our observations is that of Maggiore ** who injected 
calcium chlorid intravenously in 1, 2, 3 or 5 c.c. doses. He observed 
that the effect was most pronounced by the third injection and began to 
decline by the twelfth hour. A similar effect was observed following 
the second injection, but no observations are recorded in reference to 
the blood calcium, nor is it noted whether or not the infants were cured. 
Severe reactions were recorded. 

Our observations were conducted on fourteen cases of frank tetany, 
all of which showed varying degrees of rickets. Our studies were 
divided in the following way: 

1. Normal blood calcium on eighteen infants under 1 year of age. 

2. The effect of intravenous injections of calcium lactate on blood 
calcium, and on the symptoms. 

3. The effect of codliver oil and phosphorus on the blood calcium 
and the clinical result. 


METHODS OF OBSERVATION 


A diagnosis of tetany depended on the presence of one or other 
of the following signs: Chvostek, Trousseau, carpopedal spasm, laryn- 
geal spasm, and convulsions. The degree of intensity of each par- 
ticular sign was denoted by + + or +++, etc. In this matter a fair 
degree of accuracy was obtained. The electrical tests were made with 
a galvanic, dry cell battery equipped with a switch for reversing 
polarity, a rheostat for controlling the strength of current, and a 
balanced milliamperimeter measuring from 0.2 to 10 milliamperes. 
In every instance the peroneal nerve-muscle group was employed, the 
negative electrode being placed over the abdomen, and the positive 
electrode over the peroneal nerve as it winds around the head of the 
fibula. 

The technic for blood calcium employed was that recommended by 
Lyman.** No changes were made in the method. The blood in every 
instance was removed from the longitudinal sinus, and the calcium 


14. Maggiore: Pediatria 27:129 (March) 1919. 
15. Lyman: J. Biol. Chem. 29:169 (March) 1917. 
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was estimated on the whole blood and not on the blood serum, because 
the red blood corpuscles contain calcium, although in a somewhat 
smaller concentration than the serum (Cowie **). 

The readings were made on a Kober’s nephelometer-colorimeter. 
For each determination an average of six readings was taken. The 
results by this method are accurate to within less than 1 per cent. 

The Calcium of the Blood in Infants Under Normal Conditions 
Under 1 Year of Age.—lIt is apparent that merely from the determina- 
tion of the intake and excretion of calcium little can be learned. It is 
of prime importance to determine the quantity of calcium circulating 
in the blood. With the usual methods of analysis this has been impos- 
sible, unless from 50 to 100 c.c. were withdrawn, with double the 
amount if duplicate determinations were made, thus making it an 
impossible procedure in living infants. As a result, however, of the 
development of Lyman’s method, it has been made possible to estimate 
the calcium on 5 c.c. of blood with, as mentioned previously, an error 
of 1 per cent. Howland and Marriott’s** method requires 2 c.c. of 
serum, is more complicated, and has an error of not more than 
5 per cent. 

The cases for the determination of normal blood calcium were 
selected from infants under 1 year of age, who showed no signs of 
rickets or any mechanical or electrical evidence of tetany. The lowest 
calcium content was found to be 8.2 mg. per hundred c.c. of blood, 
and the highest 11.1 mg. The average of all the determinations was 
9.5 mg. for infants under 1 year of age. 


TABLE 1.—Group A. INFANTS FROM 1 To 3 MonTHS oF AGE 


Name Mg. of Ca. per 100 c.c. Blood 

TABLE 2.—Group B. INFANTS FROM 3 TO 6 MONTHS oF AGE 

Name Mg. of Ca. per 100 c.c. Blood 


16. Cowie and Calhoun: J. Biol. Chem. 37:505 (April) 1919. 
17. Mariott and Howland: J. Biol. Chem. $2:233, 1917. 
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TABL™ 3.—Group C. INFANTS FROM 6 To 12 MonTHs oF AGE 


Name Mg. of Ca. per 100 c.c. Blood 

Average calcium content under 1 year............ 9.5 mg. 


Effect of Intravenous Injections of Calcium Lactate on Blood Cal- 
cium, and Its Effect on the Symptoms.—In conducting these observa- 
tions an endeavor was made to keep the infants on the same type of 
food throughout the period; i. e., a plain milk and water mixture with 
enough sugar added to meet caloric requirement, with the mixture 
brought to the boil. In certain cases, however, protein milk was used 
where the stools were too loose or frequent to warrant the use of a 
milk and water mixture. 


REPORT OF CASES 


Case 1.—A. B., age 9 months; white; admitted March 21, 1919; discharged 
April 22, 1919; cured. Brought to hospital on account of failure to gain weight, 
and constipation. Previous feeding history: Condensed milk and Allenbury’s 
food, for a period of two months, followed by various milk and water mixtures 
with rusks. 


Physical Examination.—Weight 12% pounds. Definite Trousseau, Chvostek 
and carpopedal spasm. Pronounced craniotabes and some enlargement of the 
epiphyses. 

Treatment——On admission he was given cod liver oil and phosphorus, 10 
minims, three times daily, gradually increased to 30 minims, three times daily. 
This was continued throughout his stay in the hospital. For seventeen days, 
from March 21 to April 7, during which time he had been having cod liver oil 
and phosphorus, there was no change in the electrical irritability. April 7, 
1.25 gm. calcium lactate was given intravenously, with no untoward reaction at 
the time of injection. Following this the child was drowsy and pale for seven 
hours, with complete absence of all signs of tetany. In five days following the 
injection the electrical irritability had reached a normal point. The blood cal- 
cium had increased from 5.9 mg. per hundred c.c. of blood to 9.3 mg. During 
this interval all the mechanical signs had disappeared (Figs. 1 and 2). 


Case 2.—M. G., age 5 months; white; admitted March 28, 1919; discharged 
April 29, 1919; cured. Brought to hospital on account of convulsions and vomit- 
ing for seven days, and constipation since birth. 

Previous Feeding History.—Breast fed for five weeks; milk and water mix- 
ture for two weeks, and then condensed milk till admission. 

Physical Examination.—Weight 10% pounds. Definite Chvostek. No*Trous- 
seau and no carpopedal spasm. Showed some craniotabes and bossing, with 
epiphyseal enlargement. 

Treatment.—April 1, 1919, child was given cod liver oil and phosphorus, 
15 minims, three times daily, gradually increased to 20 minims, three times daily. 
This was continued throughout the child’s stay in the hospital. 

For seven days, while on cod liver oil and phosphorus, there was a gradual 
increase in electrical irritability. On one estimation during this period the 
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Fig. 1—Shows the gradual reduction (lower line) in Case 1 in the electrical 
irritability under the influence of cod liver oil and phosphorus. The upper line 


shows the gradual increase in blood calcium. 
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Fig. 2—The two hourly electrical reaction (AOC) following an intrave- 


nous injection of 1.25 gm. calcium lactate. 
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blood calcium was 5.9 mg. April 7 calcium lactate was given intravenously. 
This was followed in a few minutes by complete collapse, which lasted about 
half an hour, and was succeeded by a period of drowsiness lasting four hours, 
with absence of electrical and mechanical signs for eight hours. For four days 
succeeding the injection, the electrical irritability was approximately the same 
as before, then it gradually began to decrease unti! the patient was discharged. 
The blood calcium gradually increased from the time of injection up to 7.8 mg., 
at which point observations were stopped (Fig. 3). 
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Fig: 3 (Case 2).—Findings as in Case 1 (Fig. 1). 


Case 3.—A. Q., age 8 months; white; admitted April 3, 1919; discharged 
May 21, 1919; cured. Brought to hospital on account of convulsions of one 
week duration, and crowing noise while crying, for three weeks. 

Previous Feeding History.—Breast fed for three weeks; patent foods for 
seven weeks; boiled milk, water and sugar mixtures until admission. 

Physical Examination —Weight 10% pounds. Marked Chvostek, Trousseau, 
laryngeal spasm and carpopedal spasm. Definite craniotabes and some epiphyseal 
enlargement. 

Treatment.—Castor oil was given. In this case no medication specific for 
tetany was given for four days, during which time the electrical and mechanical 
irritability remained stationary. The blood calcium was 6.4 mg. per hundred c.c. 
of blood. April 7 calcium lactate was given intravenously; this was followed 
by a period of dyspnea, and cyanosis lasting one hour. For ten hours there was 
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no electrical irritability, and no mechanical signs, but eighteen hours after 
injection, both of these were as marked as before. For the subsequent five 
days the electrical and mechanical signs were the same as before the injection. 
The blood calcium remained unaltered. 

April 14, calcium lactate was again given intravenously, followed by a period 
of coughing, lasting one hour, slight cyanosis, dyspnea succeeded by marked 
pallor and drowsiness which lasted two hours. No abnormal electrical irrita- 
bility was elicited for eight hours. The decrease in electrical irritability was 
less marked than after the previous injection, but four hours after the injection 
a very slight laryngospasm was noticed. In thirteen hours all the mechanical 


and electrical signs had returned. 
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Fig. 4 (Case 3).—Effect on the electrical reactions of three successive doses 
of calcium lactate given intravenously (lower line). No change occurred in 
electrical reactions till cod liver oil and phosphorus were added. The upper 
curve represents the blood calcium which is seen to increase shortly after the 
administration of cod liver oil and phosphorus. 


For six days following this second injection the electrical irritability and 
mechanical signs were more marked than ever before. Calcium content of blood 
showed only a very slight change, viz., 6.8 mg. per hundred c.c. of blood. 

A third intravenous injection of calcium was given April 22, followed by 
only a very transitory attack of coughing with a tenacious mucus secretion. 
A marked decrease (not so much as after either previous injections) was 
observed in the electrical irritability, lasting six hours, accompanied by absence 
of mechanical signs for two hours. In sixteen hours all the signs were as 
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accentuated as before the injection. Three days after this last injection, April 
26, during which time the electrical and mechanical signs and the blood calcium 
remained as before, cod liver oil and phosphorus, 15 minims, three times daily, 
was begun, gradually increasing to 20 minims, three times daily. Seven days 
following this there was no definite change in any way. Subsequently, however, 
the electrical irritability and mechanical signs gradually became less pronounced, 
until about May 10, when both had disappeared. The blood calcium had increased 
during this last period to 8.0 mg. (Fig. 4). 


Case 4.—O. C., age 10% months; white; admitted April 1, 1919; discharged 


May 13, 1919; cured. Brought to hospital on account of cough for one month, 
and fever for two days, no convulsions. 
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Fig. 5 (Case 4).—At first there was a gradual increase in calcium in the 
blood coincidently with a gradual decrease in electrical irritability. Cod liver 


oil and phosphorus were not given till definite electrical and blood calcium 
changes had occurred. 


Previous Feeding History—Breast fed for four months, and milk and water 
mixture until the present. 

Physical Examination—Weight 12% pounds. Marked Chvostek; no Trous- 
seau or carpopedal spasm; slight craniotabes, definite parietal and frontal bos- 
sing, with some epiphyseal enlargement. 


Treatment.—On admission, April 3, the child was given protein milk, barley 
water and dextri-maltose with 1 gm. urea daily. 
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For the first six days’ stay in the hospital, during which time she was getting 
urea and protein milk, the electrical irritability was markedly increased. The 
blood calcium was 5.7 mg. per hundred c.c. On the seventh day of the treat- 
ment, April 7, calcium lactate was given intravenously with no undesirable 
reaction. It was followed, however, by a period of drowsiness, lasting only 
three hours, and a period of ten hours in which all mechanical irritability was 
very much reduced, during eight hours of which all mechanical signs had 
disappeared. In eighteen hours all signs of tetany had returned. April 9, the 
urea was discontinued. Six days following the injection, the electrical and 
mechanical irritability gradually decreased. The blood calcium increased to the 
normal limit. For the subsequent week there was no change, when suddenly 
the calcium decreased, the electrical irritability increased and the previous 
mechanical signs reappeared. This lasted for two days only, when during the 
next seven days all signs disappeared and the calcium again returned to normal. 
We found no satisfactory explanation for this rather unexpected turn of events. 
It seems reasonable to assume, however, in view of the work of one of us on 
tetany, that the cure in this instance was effected by the high protein diet pro- 
ducing a favorable diuresis. April 26, cod liver oil and phosphorus, 15 minims, 
three times daily, was begun and continued until child was discharged (Fig. 5). 


DISCUSSION 


In each one of these four cases there was a distinct reaction after 
the intravenous injection of 1.25 gm. of calcium lactate. The degree 
of reaction varied from slight drowsiness to almost complete collapse, 
accompanied by dyspnea and some cyanosis, and in one instance 
pallor. These signs of reaction disappeared any time between one and 
seven hours; the more severe the reaction the longer the infant took 
to recover. 

In each instance there was a temporary absence of both mechanical 
and electrical signs of tetany varying from seven to ten hours, after 
which period they rapidly returned to where they were before the 
injection. 

In every case throughout the period of observation there was a 
distinct increase in the blood calcium; the lowest being 5.7 mg. before 
treatment and 9.3 after treatment. Whether the increase in each case 
was due to the retained calcium after injection, it is impossible to 
state, as other factors have to be considered. In Cases 1 and 2, 
undoubtedly cod liver oil and phosphorus played some part in binding 
or holding the injected calcium in the blood, as in both instances the 
drug had been given over a period of from two and a half to one week, 
respectively, before the injections were given; at any rate, it appeared 
to us that the blood calcium was retained more rapidly with intra- 
venous calcium than with cod liver oil and phosphorus alone. 

In Cases 1 and 2 there was a distinct increase in the blood calcium 
within forty-eight hours. Coincidental with the increased retention of 
calcium in the first two cases, we found the electrical irritability reduced 
and the mechanical signs of tetany gone. 
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In Case 3 three successive intravenous injections of calcium were 
made with varying degrees of reaction. No definite change, however, 
was observed (other than temporary, following injections) in either 
the blood calcium or electrical reactions until cod liver oil and phos- 
phorus had been employed for a period of ten days. Whether this 
bore any relation to the changes observed, of course, it is impossible to 
state positively. It is, however, suggestive, that the cod liver oil and 
phosphorus held the calcium in the system for these two weeks, and 
after this addition, the mechanical and electrical signs disappeared. 
No changes had been observed in the three weeks previous to the cod 
liver oil and phosphorus addition in spite of the intravenous injections 
of calcium. 

In Case 4 we have no other explanation for the rather unexpected 
turn of events than that the high protein diet combined with urea pro- 
duced a favorable diuresis, in this manner eliminating the sodium and 
potassium salts and reducing the irritability. We do not feel that the 
single injection of calcium exerted any influence on the child’s con- 
dition, beyond, of course, the expected temporary reaction; certainly 
the addition of cod liver oil and phosphorus had no effect, as changes 
too definite to be ignored had already occurred before its addition. 

Effect of Cod Liver Oil and Phosphorus on the Blood Calcium and 
Reduction of Symptoms.—Five cases were studied to determine this 
result. 


REPORT OF CASES 


Case 5.—R. H., age 7 months; white; admitted April 4, 1919; discharged 
May 5, 1919; cured. Brought to hospital on account of convulsions, and hold- 
ing breath spasm off and on for the past six weeks. 

Previous Feeding History—Breast fed for four months. Until admission 
has had unboiled milk and water mixture with sugar. 

Physical Examination—Weight 16% pounds. Laryngospasm present. No 
Chvostek or Trousseau, no carpopedal spasm on admission (these were all 
elicited on the following day). Definite craniotabes and some enlargement of 
the epiphyses was noted. 

_ Treatment.—Three days after admission, the child was given cod liver oil 
and phosphorus, 20 minims, three times daily, which was continued throughout 
her stay in the hospital. For three days after admission this child was given 
no antitetanoid medication, except castor oil on night of admission. During this 
time there was no change in any of the signs. Calcium in whole blood was 
7.5 mg. per hundred c.c. April 7, cod liver oil and phosphorus, 20 minims, three 
times daily was given. For a period of thirteen days after this there was no 
change in the signs nor in the calcium content of the blood; but during the 
subsequent twelve days there was a gradual, but marked, decrease in the elec- 
trical irritability, disappearance of mechanical signs, and return of the calcium 
content of the blood to normal. No calcium lactate was given (Fig. 6). 


Case 6.—G. L., age 11 months; white; admitted March 30, 1919; discharged 


May 2, 1919; cured. Brought to hospital on account of five convulsions, and . 


choking spells during past month. 
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Previous Feeding History.—Breast fed for three months, and malted milk 
from then on until admission. 

Physical Examination—Weight 19% pounds. Definite Chvostek, Trousseau 
and laryngospasm. No carpopedal spasm. Distinct craniotabes and slight epiph- 
yseal enlargement. 


Treatment.—On admission the child was given castor oil and fed protein 
milk with urea, 1 gm., in day’s feedings. This feeding was continued for two 
days, when the protein and urea was discontinued, and a boiled milk and water 
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Fig. 6 (Case 5.)—Gradual reduction in electrical irritability coincidently with 
a gradual increase in blood calcium after the administration of cod liver oil 
and phosphorus. 


mixture was given. This was continued for seven days, during which time the 
electrical and mechanical irritability increased. 

The calcium content of the blood was then 7.2 mg. April 7, he was again 

: given protein milk and urea, and in two days more cod liver oil and phosphorus, 

: 20 minims, three times daily, was given, and this was increased to 30 minims, 

three times daily, in four days. During this time there was no change in the 

signs or calcium content of the blood. At this time the child contracted a 

parenteral infection, and during the next seven days had a fever during which 

time the electrical irritability was decreased, while the mechanical signs and 
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the calcium content of the blood were practically unchanged. During the next 
week the mechanical signs had for the most part disappeared, and the calcium 
content of the blood increased to within the normal limit (Fig. 7). 


Case 7.—T. H., age 6 months; white; admitted Apri] 3, 1919; discharged 
April 27, 1919; cured. Brought to hospital’ because of five convulsions one 
month previous, and constipation. 

Previous Feeding History.—Breast fed for three weeks; then milk and water 
mixture for four months, followed by condensed milk until time of admission. 
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Fig. 7 (Case 6).—Findings same as in Case 5 (Fig. 6). 


Physical Examination.—Weight 1442 pourds. Slight craniotabes and epiph- 
yseal enlargement. Definite Trousseau and Chvostek; no laryngospasm. 

Treatment.—Six days after the child was admitted, he was given cod liver 
oil and phosphorus, 20 minims, three times daily, on which he remained until 
discharged. During these six days he had a boiled feeding, and no medication; 
during this period there was no change in the signs of tetany; blood calcium was 
6.6 mg. per hundred c.c. For the next seven days after the above period there 
was no change. 

Following this, and until discharge, there was a gradual decrease in electrical 
irritability and disappearance of mechanical signs, and a gradual increase in 
calcium content of the blood to 8 mg. per hundred c.c. blood (Fig. 8). 
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Case 8.—T. C., age 7% months; Italian; admitted April 10, 1919; discharged 
May 10, 1919; cured. Brought to hospital because of convulsions every half hour 
for the previous twelve hours. 

Previous Feeding History.—Always breast fed, with some cereal for the past 
two weeks. 

Physical Examination.— Weight 13¥2 pounds. Very marked craniotabes, 
frontal and parietal bosses, and epiphyseal enlargement. Definite Chvostek, 
Trousseau, carpopedal spasm and laryngospasm. 
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Fig. 8 (Case 7).—Findings same as in Case 5 (Fig. 6). 


Treatment.—On admission she was given protein milk and urea, 1 gm., daily; 
cod liver oil and phosphorus, 20 minims, three times daily, gradually increased 
to 30 minims, three times daily, on which treatment she remained throughout 
her stay in the hospital. Electrical irritability disappeared at the end of three 
weeks. April 15, blood calcium was 6.5 mg. and May 7 it was 8.9 mg. (Fig. 9). 


Case 9.—W. M., age 8% months; white; admitted March 21, 1919; discharged 
April 10, 1919; cured. Brought to hospital with a history of several convulsions 
during the past six weeks. 

Previous Feeding History—For one and one half months he was breast fed, 
after this, and until admission, he was fed McKay’s patent barley with con- 
densed milk. 
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Fig. 9 (Case 8).—Findings same as in Case 5 (Fig. 6). 
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Fig. 10 (Case 9).—Gradual reduction in electrical irritability under influence 
of cod liver oil and phosphorus. “ 
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Physical Examination —Weight 1442 pounds. Definite craniotabes and pro- 
nounced epiphyseal enlargement. There was definite laryngospasm, carpopedal 
spasm with very pronounced Chvostek’s and Trousseau’s signs. 


Treatment.—During the first ten days after admission, the child was given a 
protein feeding with 1 gm. urea in each twenty-four hours. Castor oil was given 
for one dose only. He was started at once on cod liver oil and phosphorus, 20 
minims, three times daily. At the end of this period he was given a milk and 
water feeding with no urea. During this period there was a very slight change ia 
the electrical irritability or mechanical signs; the calcium content of the blood 
was not followed. On the twelfth day after admission, cod liver oil and phos- 
phorus was increased to 30 minims, three times daily, and during the next eight 
days there was a definite decrease in electrical irritability and gradual disappear- 
ance of mechanical signs (Fig. 10). 


In each of these cases, except Case 9, in which calcium was not 
estimated, there was a gradual increase in the blood calcium which 
coincided fairly accurately with the reduction in the electrical irrita- 
bility. From our observation of these cases and many others we 
expect a reduction in the symptoms of tetany about ten days to two 
weeks following the administration of cod liver oil and phosphorus. 
This electrical reduction, as is seen in the charts, agrees rather well 
with the increase in the blood calcium. Case 9 graphically shows a 
gradual reduction of electrical reaction under the influence of cod 
liver oil and phosphorus. No blood calcium was estimated in this 
instance. 

CONCLUSIONS 

1. Constitutional reactions are produced following intravenous 
injection of calcium lactate in 1.25 gm. doses. The degree of reaction 
varied from a slight drowsiness to almost complete collapse accom- 
panied by dyspnea. The signs of reaction disappeared usually between 
one and seven hours; the more severe the reaction the longer it took 
the patient to recover. 

2. Intravenous injection of calcium lactate in 1.25 gm. doses pro- 
duces a temporary absence of both electrical and mechanical signs of 
tetany usually lasting from seven to ten hours. 

3. Calcium lactate injected intravenously, apparently exerts no 
beneficial therapeutic effect unless supplemented by the administra- 
tion of cod liver oil and phosphorus, and in this instance the reduction 
of the tetanoid symptoms is a little more rapid than with the employ- 
ment of cod liver oil and phosphorus alone. 

4. Cod liver oil and phosphorus produces an increase in the blood 
calcium with a corresponding reduction in the mechanical and electrical 
signs, within .a period of from ten to seventeen days. 
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THE NITROGENOUS AND SUGAR CONTENT OF THE 
BLOOD OF THE NEW-BORN 


J. P. SEDGWICK, B.S., M.D. 
Professor and Chief of the Department of Pediatrics 
AND 
MILDRED R. ZIEGLER, M.S. 
Instructor in Pediatrics, University of Minnesota 


MINNEAPOLIS 


The chemistry of the blood of the normal new-born has been 
studied in only a few cases, largely because of the difficulty of obtain- 
ing blood in sufficient amounts for the analysis of more than one con- 
stituent. Howland and Marriot * have shown that the values for cal- 
cium are essentially the same as those found in the adult. Pettibone 
and Schultz? have made similar observations on nonprotein nitrogen. 
This research was the outgrowth of the study of the uric acid content 
of the blood of the new-born carried out by us in association with 
Kingsbury * in our laboratories. . 

The purpose of the investigation was to determine, first, whether 
the other nitrogenous constituents were high at birth and then gradually 
decreased to the adult normal figure as is the case with uric acid, and, 
second, to study the sugar content. 

The blood was collected from the superior longitudinal sinus of the 
new-born in a glass syringe just before the 10 a. m. nursing period. 
Ten c.c. were expelled into a bottle containing 20 mg. of potassium 
oxalate dried in a thin film over the bottom and sides. The excellent 
system of Folin * was used for the analyses. This method is of great 
benefit in the study of new-born bloods because of the great economy 
of material. 

Table 1 shows the values for the blood sugar, nonprotein nitrogen, 
urea nitrogen, preformed creatinin and creatin plus creatinin for the 
following ages: 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 16 and 43 days, respec- 
tively. The infants were breast fed; in a few cases it was necessary to 
complement the mother’s milk as stated in the table. 

Table 2 shows the intake of milk for each infant before the collec- 
tion of the blood sample. 


1. Howland, J., and Marriot, W. McK.: Tr. Am. Pediat. Soc. 28:202, 1916. 
2. Pettibone, C. J. V., and Schlutz, F. W.: Am. J. Dis. Child. 10:206, 1915. 
3. Sedgwick, J. P., and Kingsbury, F. B.: Am. J. Dis. Child. 14:98, 1917. 
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TABLE 1.—Btoop- ANALYSES OF INFANTS OF VARIOUS AGES 


4 | | | Non- | | Creatin 
| Case | Sex | Age, | protein Urea Creat- | plus Sugar, Remarks 
| | Days Nitro- N inin Creat- per | 
| gen inin Cent. 
Y 17611 | of 3 59.5 18.9 1.8 10.6 0.07 | 
H 189% | of , 445 ¢ 17.5 20 | 6.6 0.09 | 
Ss 18753 | 9 | 3 | 50.0 18.0 is | & 0.08 
G. 1704 | 9 | 38 | 610 13.0 19 | 96 0.07 | 
w. 1761 | 9 4 48.5 15.7 1.7 7.6 - 
H 18678 9 4 52.5 22.5 1.9 8.4 0.10 | 
D 18729 Q 4 47.0 14.9 1.9 5.7 O11 | 
s 18725 Pd 4 39.6 16.2 1.7 5.1 0.07 
Z. 17986 2 5 47.1 10.7 1.9 6.1 0.08 
W. 17620 o 5 59.5 15.8 2.0 10.6 0.06 
Ss. 17644 2 5 43.4 31.6 2.2 8.5 -- Mother syphilitie 
A. 17678 re 5 49.0 15.1 4 1.7 6.6 0.11 
z. 17647 | o 5 6.2 14.5 1.8 7.1 0.07 Jaundice 
B. 17795)*| 9 5 12.0 15.6 | 19 6.4 0.08 Jaundice 
B. 17796} Q 5 44.6 139 | 19 6.5 0.05 
s. 17787 | Q 5 _ 13.4 | 18 6.8 0.07 | Jaundice 
L. 1779988 | o 5 44.5 16.1 1.9 6.0 0.07 Jaundice 
G. 17812 | 5 13.4 1.8 6.6 0.07 | 
A. 19094 | 9 | 5 | 38.5 16.0 1.7 6.4 0.08 
S. 17610 | 9Q 6 | 48.1 20.2 1.4 9.0 0.09 
WwW. 17629 | Q 6 37.3 10.5 | 1.4 7.4 0.08 
H. 17805 Q 6 _ 23.5 1.6 5.8 0.07 
s. 17 Q 6 | 328 — 15 5.4 — | 
8. 17709 | Q 6 45.0 18.2 1.6 6.0 0.09 
H. 17708 | Q 6 45.0 12.4 1.5 5.7 0.08 
A. | Q 6 30.1 9.4 1.5 6.4 ~ 
C. 18429 o 6 | 35.0 15.2 2.6 5.2 0.07 
| 
s. 178 | @- 14.5 1.7 6.8 0.07 
7. 17995 | of | 7 | 42.4 0.09 
s. 18329 4-2 |. 14.3 19 | 59 
R. 18358 | Q | 7 | 98.2 12.9 16 | 58 0.08 
H. 18345 | Q 7 48.0 15.0 17 | 75 | 0.06 Unexplained tem- 
| | perature 
Ss. 1706 | | 8 | 867 12.2 1.0m | 
McC. 17887 | of | s | 2 12.3 15 | 7.0 | 0.06 
be B. 18287 3 8 | 50.0 133 | 18 | 60 0.11 
©. 18305 o | 8s | 85.5 83 | 20 | 55 0.07 
H. 18421 | Q 8 33.2 9.8 22 | 50 0.10 
J 1770 | o¢ 9 39.1 12.4 19 | 84 0.07 
G. 18269 9 9 42.2 17.0 1.7 6.0 0.10 
McG. 18273 og 9 36.7 9.8 1.8 5.8 0.11 
F. 18710 3 9 37.5 122.5 | 12 9.1 0.10 
T. 17582 9 1 | 329 n7 | 15 | 18 0.08 | 
18217 10 33.3 14.0 1.7 | 62 0.09 
P 18127 | oO 10 25.2 10.6 15 | 61 0.06 | 
G 18311 | @Q 11 34.0 8.0 1.6 5.3 0.08 
E 18036 Q 12 32.8 11.5 1.6 6.1 0.08 
A 18109 9 12 22.5 9.8 1.7 5.2 | 0.06 
i s 18625¢ J 12 | 245 84 | 16 49 | 0.10 
Pp. 189888 of 18 | 87.7 4 | 21 50 | 0.09 
H. 1730t| of 43 | 2.6 | °18.6 | 1.4 9.4 | 0.09 
H. 17920 é | 16 | 43.1 - | % 5.2 | 0.07 


* Twins. + Premature. Q Female. do Male. 
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Table 3 shows the average values for the blood constituents each 
day from the third to the twelfth day of life. 


TABLE 3.—AveraGE VALUES For BLoop ANALYSES 


| Number of 
Age, Nonprotein Urea Creatin plus Sugar, Analyses 
Days Nitrogen | Nitrogen Creatinin Creatinin per Cent. on Which 
Average 
Was Made 
3 53.7 16.8 1.7 8.0 0.07 4 
4 46.9 17.3 1.8 6.7 0.09 4 
5 48.2 15.9 1.8 7.5 0.07 11 
6 38.4 15.6 1.5 6.3 0.08 8 
7 | 4.4 14.1 1.7 6.2 0.08 5 
8 7.5 10.5 1.8 6.1 0.09 5 
9 | 38.8 12.9 1.6 7.3 0.09 4 
10 | 30.4 12.1 1.5 8.0 0.07 3 
11 34.0 8.0 1.6 5.3 0.08 1 
12 26.6 9.9 1.6 5.4 0.08 3 
13 37.7 10.4 2.1 5.0 0.09 1 
16 43.1 — 2.0 5.2 0.07 1 
43 23.6 13.6 1.4 9.4 0.09 1 


In the adult the normal values for nonprotein nitrogen are 25 to 
35 mg. per hundred c.c. of blood, urea nitrogen, 12 to 15 mg. per hun- 
dred c.c.; creatinin, 1 to 3 mg. per hundred c.c.; creatinin plus creatin, 
6 mg. per hundred c.c., and sugar from 0.08 to 0.12 per cent. 

A comparison of the values for normal new-borns with those of 
adults shows that the nonprotein nitrogen is high during the first few 
days of life and then decreases gradually; this is also true of creatin 
plus creatinin. The urea nitrogen is near the upper limit of the adult 
normal, creatinin is within the normal limits, and the percentage of 
sugar is near the lower limit, but this may be accounted for by the fact 
that Folin states that lower values are obtained by his method than the 
older methods for sugar. 

SUMMARY 


Analyses of the blood of normal new-borns show that the values 
for creatin plus creatinin and nonprotein nitrogen are high during the 
first few days of life corresponding with the high values for uric acid 
during that period, established in this laboratory before.* The creatinin 
and sugar values are essentially the same as the adult normal values, 
and the urea nitrogen is near the maximum normal value for adults. 

A similar study on older infants and children by Schlutz of this 
department will appear shortly. 


We wish to thank Dr. W. R. Shannon, teaching fellow in the Pediatric 
Department of the Graduate School, for obtaining the blood specimens for us. 
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ALLERGY IN INFANTS AND CHILDREN * 
OSCAR M. SCHLOSS, M.D. 


NEW YORK 


During the past seven years, I have had opportunity to study 122 
cases of allergy in children. Observations derived from the study of 
these cases and animal experiments pertaining to the subject seem of 
sufficient importance to report. Despite the relative newness of the 
subject, the literature has become large, especially concerning bronchial 
asthma. It is foreign to the object of this paper to review the litera- 
ture. I propose to consider only such aspects of allergy with which 
my own work has been concerned. 

The following topics will be discussed: 

I. The Cutaneous Test. 
II. Temporary Desensitization. Antianaphylaxis. 
III. The Nature and Origin of the Idiosyncrasy. 
(a) Nature of sensitization. 
(b) Origin of sensitization. 
IV. Clinical Types of Allergy. 
(a) The hyperacute type. Urticaria, angioneurotic 
edema, asthma and symptoms of shock. 
(b) Bronchial asthma. 
(c) Urticaria. 
(d) Angioneurotic edema. 
(e) Erythema multiforme. 
(f) Eczema. 
(g) Acute dermatitis. 
(h) Gastro-enteric disturbances in infants. 
(i) Cyclic disturbances in children. 
V. Treatment. 
I. THE CUTANEOUS TEST 


During the past few years I have used the cutaneous test entirely 
as opposed to the intracutaneous test. This was done only after having 
made a series of tests by both methods on normal patients and on 
patients suffering from definite food idiosyncrasy. Such tests were 
made on 100 infants and children not apparently suffering from dis- 
turbances due to food, and on thirty who suffered from definite symp- 
toms due to the ingestion of some variety of food. In most instances, 
solutions of the proteins used for the intradermal test were passed 
through a Berkefeld filter and preserved with tricresol. In case much 
of the protein was removed by the filter, filtration was omitted. The 
activity of each preparation was determined by tests on cases of food 


*From the Department of Pediatrics, Cornell University Medical College. 
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idiosyncrasy. It is unnecessary to give the statistics in detail, but the 
results seemed definitely to warrant the following conclusions: 

The intracutaneous test is more sensitive. In three patients, later 
proved to have a mild idiosyncrasy to milk, intracutaneous tests were 
positive while cutaneous tests were negative. This seems the only point 
in favor of the intracutaneous test. 

Against it is the fact that it is apt to be misleading. Pseudo- 
reactions occur which are difficult to interpret, and in some instances 
patients give reactions which seem positive despite the lack of clinical 
evidence that the substance tested causes any symptoms. Many vege- 
table proteins are difficult to obtain in a form soluble in physiologic 
sodium chlorid solution, but are soluble only in alkaline solvents. Such 
solutions cannot be used for intradermal tests. To insure sterility, the 
proteins used must be prepared carefully, which adds considerable 
technical difficulty. On two occasions I have seen severe infections 
due to such tests. Another objection is that a very sensitive patient 
may be made seriously ill by the injection of even a minute amount 
of the protein to which he reacts. In consideration of these objections 
it seems that, for general use, the cutaneous test is the one to be chosen. 

The materials used for the test are of great importance. Certain 
foods rich in protein, such as milk or egg, may be used unaltered. 
With foods poor in protein, it is best to use the proteins in a compara- 
tively pure form. Such proteins are now on the market. 

It is best to use a preparation representing all of the proteins of 
the food since sensitiveness to the individual proteins varies in different 
individuals. For example, in six cases of egg idiosyncrasy, ovomucoid 
seemed to be the most active protein. In three other cases, however, 
pure Ovomucoid did not cause a cutaneous reaction while marked 
reactions were caused by ovalbumen. 

In milk lactalbumen has been, in my experience, the most active 
protein. In only two of fourteen cases of milk idiosyncrasy investi- 
gated did casein cause a skin reaction, and then to a much less marked 
degree than lactalbumen. 

Of the vegetable proteins, the proteoses are apt to cause the most 
marked cutaneous reactions. This is probably the result of greater 
solubility and diffusibility. 

A problem of fundamental importance is, what constitutes a reac- 
tion? A positive reaction consists of a distinct urticarial wheal sur- 
rounded by a zone of erythema in the presence of a negative control 
test. If the reaction is at all marked, the wheal is 5 mm. or more in 
diameter. The wheal indicating a true reaction is always irregular in 
outline; the edges are never sharply circumscribed. The irregularity 
is caused by edema spreading along the lymph spaces, and is quite 
characteristic. This appearance has been likened to the pseudopodia 
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of an ameba. All doubtful or suspicious reactions should be considered 
negative. In such cases, the test should be repeated at some other 
time, but, until a reaction is obtained which is distinct in the presence 
of a negative control test, it is best to disregard it. 

A control test is always necessary. If the forearm is selected for 
the site of the inoculation it is important that the control be placed 
nearest the bend of the elbow. The skin is more sensitive at this place, 
and for this reason, a traumatic reaction is more likely to occur. In 
this event, if an inoculation be made at this point and the control be 
made in a less sensitive part, a reaction that is purely traumatic may 
be called positive. It is also quite true, that the degree of reaction in 
sensitive persons varies, dependent on the site of inoculation. For 
example, in a patient sensitive to egg, a cutaneous test made near the 
bend of the elbow is apt to cause a much greater reaction than one 
made near the wrist. This has been demonstrated in a number of 
cases. 

This brings up the question of the influence of the irritability of 
the skin on the reaction. There are certain persons, especially some 
affected with factitious urticaria, in whom a simple scratch will cause 
a distinct urticarial wheal. In such a person, the control and all 
inoculations will cause the development of reactions which appear 
positive. In some instances, this condition may be especially confusing 
as the wheals caused by the inoculation of proteins may be larger than 
the wheal caused by the control. Even though this may seem to indi- 
cate a true reaction, I am strongly of the opinion that such tests should 
be disregarded unless the difference between control and inoculations 
is very marked and is evident on repeated tests. 

Marked irritability of the skin is often present in patients affected 
with urticaria and asthma rendering the performance of satisfactory 
tests impossible. The condition, however, is often transitory, and a 
time may be found when satisfactory tests can be made. 

There seems little doubt that a true reaction is due to protein alone. 
Careful experiments made some years ago’ demonstrated that the 
cutaneous reaction was elicited by the protein constituents of foods, 
and that extracts free from protein were inert. Such experiments 
have been repeated on three additional patients, one sensitive to pork, 
one sensitive to egg, almonds and wheat, and the third sensitive to 
milk. In no instance was it possible to cause a reaction by any material 
free from protein. It is unnecessary to give the experiments in detail, 
as this has been done in a previous communication. 


1. Schloss, O. M.: A Case of Allergy to Common Foods, Am. J. Dis. Child. 
3:341, 1912. 
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Sufficient evidence has accumulated to make it reasonably certain 
that a positive skin reaction in the presence of negative control tests is 
indicative that the patient is sensitive to the protein to which he reacis. 
In most instances it can be demonstrated that the protein causing a 
reaction is capable of producing symptoms. Exceptions to this are 
very rare, but I have seen six cases in which it was impossible to prove 
that the substances to which the patient reacted were responsible for 
symptoms. Two of the patients were affected with asthma, two with 
urticaria and two had recurring attacks of abdominal pain and vomit- 
ing. All of these patients reacted to more than four different food 
proteins, but eliminating from the diet the foods to which they reacted 
had no effect on the symptoms. 

It is difficult to offer a satisfactory explanation for these unusual 
occurrences. It seems possible that the patients were sensitive to 
more foods than was indicated by the skin tests, and for this reason 
all foods capable of causing a reaction were not eliminated. At the 
time the tests were made, the patients may have been temporarily 
desensitized to other foods capable of causing symptoms so that even 
though these foods caused no cutaneous reaction at that time, sensitive- 
ness may have returned later to a sufficient degree to be responsible for 
symptoms. The possibility of such an occurrence is indicated by evi- 
dence to be given later. 

The greatest limitations of the cutaneous test lie in another direc- 
tion. A negative cutaneous test is not conclusive. This is especially 
true in individuals with gastro-enteric symptoms. I have observed 
five cases of undoubted idiosyncrasy to cow’s milk with persistently 
negative cutaneous tests. These infants regularly developed diarrhea, 
abdominal pain and vomiting when the smallest amounts of raw whole 
milk, fat-free milk, whey or lactalbumin were ingested. Moderate 
amounts of thoroughly boiled milk or milk protein were tolerated. 
The skin test was positive in two other patients with identical symp- 
toms. I believe that this discrepancy may be dependent on the lack of 
skin sensitization in some cases and its presence in others. 

Another influence limiting the utility.of the skin test is the occur- 
rence of temporary desensitization. 


II. TEMPORARY DESENSITIZATION. ANTI-ANAPHYLAXIS 
It is well known that after recovery from anaphylactic shock, a 
guinea-pig is temporarily desensitized. For a certain period injections 
of the protein to which it was sensitive are without effect. After a 
variable time sensitiveness returns. I have been able to demonstrate 
the same occurrence in infants.? 


2. Schloss, O. M.: Allergy in Infants and Children, Tr. Am. Pediat. Soc., 
1914. 
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Observations were conducted on four infants, three of whom were 
sensitive to egg and one to milk. Cutaneous tests were positive, and 
the ingestion of egg or milk caused marked urticaria. Following the 
occurrence of symptoms, the cutaneous reaction disappeared and the 
foods could be ingested with no ill effect. After a period varying from 
twenty-seven to forty-five days, cutaneous sensitiveness returned and 
symptoms were caused by ingestion of the toxic foods. 


TABLE 1.—Positive Cutaneous REAcTION TO Ecc * 


| 
Date Cutaneous Symptoms Date Cutaneous Symptoms 
Reaction Reaction 

1/5 ++ Urticaria 3/18 

1/ 6 3/10 

1/7 | None 3/12 

1/ 8 | 3/14 None 

1/10 one 316 

1/12 None 3/18 

1/14 | 3/20 | 

1/16 None 3/22 | None 

1/18 _ 3/24 | | 

1/20 None 3/26 Moderate urticaria 
1/22 3/28 | 

1/26 4/1 | 

1/28 None 4/3 | 

1/30 | 4/5 | | 

2/1 _ 4/7 — |, None 

2/ 3 4/9 

2/5 None 4/11 

2/7 4/13 

2/9 Severe urticaria 4/15 

2/10 | None 4/17 

2/12 4/19 

2/14 4/21 None 

2/16 None 4/23 

2/20 4/27 om 

2/22 | None 4/29 

2/24 5/1 None 

2/26 5/ 3 

2/28 | None 5/ 5 

3/ 4 5/ 9 | : 
3/6 | “= | None 5/11 ++ Severe urticaria 

} 


* Baby G. A., aged 5 months. Eczema. Seen first on Jan. 5, 1915. Ingestion 
of one quarter of an egg white caused severe general urticaria fifteen minutes 
after ingestion on four occasions. The egg white was given on the days on 
which notations are made under “symptoms.” 


The practical significance of this occurrence is obvious. In a sensi- 
tive individual, cutaneous tests may be negative because of temporary 
desensitization despite the fact that the patient suffers at times from 
definite symptoms due to allergy. Whether there is a stage of desensi- 
tization in all cases of allergy after the development of symptoms is 
doubtful. For this to occur, it is probably necessary for the patient 
to ingest a comparatively large amount of the offending protein. This 
was demonstrated in one case. The patient reacted to the ingestion of 
egg by a mild urticaria. The ingestion of about one-twenticth of an 
egg white was followed by the appearance of a few urticarial wheals. 
Every alternate day for six days the same amount of egg white was 
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given, and in each instance slight urticaria developed. The cutaneous 
reaction to egg remained positive. The patient was then given about 
one-third of an egg white. Severe urticaria developed, the cutaneous 
reaction disappeared for forty-six days, and during this period one- 
third of an egg white could be ingested without discomfort. The 
cutaneous reaction then reappeared and the ingestion of egg white 
caused urticaria. 

The patients used for these investigations developed urticaria as 
the only symptom of protein sensitization. Whether patients with 
other symptoms, such as bronchial asthma, also become desensitized 
after an attack is unproved, but by analogy seems probable. 


III. THE NATURE AND ORIGIN OF THE IDIOSYNCRASY 


(a) The Nature of Sensitization. — There seems to be but little 
question that allergy in the human is closely analagous to anaphylaxis 
in the experimental animals. This has been proved in some cases of 
food idiosyncrasy. The only conclusive proof is the transfer of sen- 
sitization to animals. This is difficult and fails in most cases, but it 
has been accomplished. Bruck *® obtained positive results in a case of 
idiosyncrasy to shell fish. 

In a case of egg idiosyncrasy previously reported by me,* it was 
possible passively to sensitize guinea-pigs by injections of the patient’s 
blood serum. I have repeated this experiment in seventeen other cases 
with three positive results. Nine of the seventeen patients were of 
the clinical type which most closely simulates anaphylaxis in the guinea- 
pig. These patients were extremely sensitive to milk, beef or egg, 
cutaneous reactions being caused by very dilute solutions of the con- 
stituent proteins. The ingestion of the smallesi amounts of these foods 
caused the immediate development of marked swelling of the lips and 
tongue with local urticarial lesions. Severe asthma developed almost 
immediately, and within a short time marked general urticaria. These 
patients showed signs of prostration and in several instances became 
alarmingly ill. 

In three cases of this type, positive results were obtained. These 
observations are of sufficient importance to cite one in some detail. 


Case.—B. F., aged 6, developed severe symptoms from the ingestion of egg, 
beef, walnuts and almonds. As far as could be ascertained, symptoms occurred 
the first time these foods were ingested. An older brother had suffered from 
idiosyncrasy to egg from which he recovered. 

The patient had eczema from the age of 15 months and still had periodic 
eruptions, Asthma began when he was 2 years old, and had been practically 
continuous since. Marked cutaneous reactions were caused by the proteins to 


3. Bruck: Experimentale Beitrage zur Aetiologie und Pathogenese der 
Urticaria, Arch. f. Dermatol. u. Syphilis 96:241, 1909. 
4. Loc. cit. 
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which he was sensitive. Three c.c. of the patient’s blood (citrated) were 
injected intraperitoneally into each of four guinea-pigs. Twenty-four hours 
later three of the animals (weight 260 gm., 286 gm. and 320 gm., respectively) 
were given intraperitoneal injections of 1.5 c.c. of egg white diluted with an 
equal amount of physiologic sodium chlorid solution. 

All three animals became severely ill with the usual symptoms of anaphy- 
lactic shock, and died at the end of two and one-half, three and six hours, 
respectively. The Jungs showed the usual distention and petechial hemorrhages 
were present in the pleura, pericardium and myocardium. The fourth animal 
(weight 306 gm.) was given an intraperitoneal injection of egg white which had 
been freed of protein by treatment with heat and acetic acid, and alcohol. 
Three c.c. of the protein free extract were given by intraperitoneal injection. 
Slight signs of irritation were present for a few minutes but no further symp- 
toms developed. Three controls were given intraperitoneal injections of 3 c.c. 
of citrated blood from a normai person. Twenty-four hours later they were 
given 1.5 c.c. of the same egg white solution used in the experiments. No symp- 
toms developed. 


The results in the other two cases were practically identical. One 
of the patients was sensitive to milk, the other sensitive to egg. 

In six other instances the blood of patients suffering from identical 
symptoms did not passively sensitize guinea-pigs. In two patients, the 
idiosyncrasy was quite as marked as in the ones from whom positive 
results were obtained. The other four patients showed the same type 
of disturbance, but to a lesser degree. 

Four of the remaining eight patients used for similar observations 
suffered from severe asthma due apparently to foods. Four patients 
suffered from eczema and gave positive skin reactions to cow’s milk. It 
was attempted passively to sensitize guinea-pigs with the blood of these 
patients, but without success. 

(b) Origin of Sensitigation—A question of considerable interest 
is, how is the sensitization acquired? In a great number of cases, 
there is a family history of disturbances probably due to allergy. This 
occurrence has been considered by Cooke and Van der Veer, Long- 
cope * and others. 

In eighty cases I was able to obtain a satisfactory history on this 
point. In forty cases there was a definite history of allergy in the 
parents, brothers or sisters. In seven cases the history was positive, 
but applied to the grandparents. In the remaining thirty-three cases 
no history of similar disturbances in the family was obtainable. Of 
these thirty-three persons, however, sixteen developed symptoms the 
first time some food was eaten so that the condition was in all prob- 
ability congenital, although there was no history indicating that it was 
inherited. In the remaining seventeen cases the food in question was 
eaten some time before the characteristic symptoms appeared. The 
only explanation for this group is that sensitization was acquired. 


5. Cooke, R., and Van der Veer, A.: Human Sensitization, J. Immunol. 1: 
201, 1916. 

6. Longcope, W. T.: The Susceptibility of Man to Foreign Proteins, Am. J. 
M. Sc. 152:625, 1916. 
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In reference to origin of sensitization the cases may be divided into 
two groups: 

1. Congenital. 

(a) Inherited. A definite history of similar disturbances in 
the parents or grandparents. Symptoms developing 
the first time a given food is eaten. 

(b) History of inheritance lacking. No family history of 
sensitization, but a toxic action of some food the 
first time it is ingested. 

2. Acquired. 

One of the greatest differences between cases of sensitization in 
the human and experimental animals is the fact that so many of the 
cases in the human are congenital or inherited. Despite this dissimi- 
larity, there is a definite group of cases in which sensitization is unques- 
tionably acquired and the symptoms in these patients are essentially 
the same as in the inherited cases. In some cases the history indicates 
definitely the time at which sensitization occurred. This was true of 
five cases which I have had the opportunity to observe. Two infants 
were given egg white during attacks of diarrhea. The egg white was 
taken several days and did not cause the least disturbance. When 
egg was fed several months later, serious symptoms occurred. One 
breast fed infant was given whey for several days during an attack 
of diarrhea. No symptoms occurred. Several months later, when 
milk was fed, the infant was extremely sensitive. Another breast fed 
infant was given a milk formula for a few days under similar cir- 
cumstances. He also became sensitive and developed severe disturb- 
ances when weaning was attempted. 

It has been shown by a number of investigators, Rosenau and 
Anderson,’ Wells * and others, that guinea-pigs may become sensitized 
when fed foreign proteins. Two factors may play a part in sensitiza- 
tion of infants through the gastro-enteric tract. First, an inflamed or 
irritated enteric mucous membrane. It has been shown by Lust,® 
Worthen and myself,’® and others, that foreign protein is absorbed-by 
many infants under such conditions. Another factor may be the feed- 
ing of a foreign protein for a short time only. Bearing on this, this is 
experimental evidence which is worth consideration. 


7. Rosenau and Anderson: Bull. No. 29, Hygienic Laboratory, April, 1906. 

8. Wells: The Biological Reactions of the Vegetable Proteins, J. Infect. Dis. 
8:66, 1911. 

9. Lust: Die Durchlassigkeit der Magendarmkanales fiir Heterologes Eiweiss 
bei Ernahrungestarten Sauglingen, Jahrb. f. Kinderh. 67:244, 283, 1913. 

10. Schloss and Worthen: The Permeability of the Gastro-Enteric Tract of 
Infants to Undigested Protein, Am. J. Dis. Child. 11:342, 1916. 
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Wells * found that guinea-pigs fed on zein (a protein from corn) 
for some time could not be sensitized by injections of this protein. He 
then conducted experiments which indicated the possibility that guinea- 
pigs fed on corn became immune so that it was impossible to sensitize 
them by intraperitoneal injections of zein. It seemed of sufficient 
importance to ascertain whether this phenomenon occurred regularly 
and whether sensitization always preceded the immunity. 

For this purpose I have conducted feeding experiments with egg 
and milk.'* Two groups of 16 young guinea-pigs were given each day 
about 5 gm. of dried egg white or dried milk in addition to their usual 
food. A group of control animals were given their usual diet only. 
Counts of the eosinophil bivod cells were made each day. Every three 
days one animal from each group was given an intraperitoneal injec- 
tion of egg and milk, respectively, to ascertain if sensitization had 
occurred. It was found that between the seventh and the sixteenth 
day there was an increase of the eosinophil cells, and at approximately 
the same time the animals developed distinct symptoms after intraperi- 
toneal injections of egg or milk, showing that they had become sensi- 
tized. At the time one animal was found to be sensitized, the experi- 
ment was repeated on a second in confirmation. After sensitization 
had occurred, two of the remaining animals were tested at 15-day 
intervals. It is unnecessary to give the experimental details, but at 
the end of two months none of the animals developed anaphylactic 
symptoms when given intraperitoneal injections of egg or milk protein. 
The salient features of these experiments are shown in Table 2 and 
protocols 3, 4 and 5. 


Protoco, 3.—Showing occurrence of sensitization to egg protein after feed- 
ing egg white for ten days——Guinea-pigs 81 and 82. Fed on regular diét of 
oats, hay and fresh vegetables for seven days. Daily blood counts showed no 
eosinophilia. Guinea-pig 81 had a maximum count of 2.2 per cent. and Guinea- 
pig 82 of 18 per cent. during this period. After this period of preliminary 
observation, from 7 to 8 gm. of egg white were given each day. Eosinophilia 
was evident on the eighth day in No. 81, and on the ninth day in No. 82. On 
the tenth day of egg feeding both animals were given 1.5 c.c. of egg white by 
intraperitoneal injection. Both became ill. Immediate roughening of coat, itch- 
ing of nose, dyspnea and weakness. Temperature of No. 81 fell 6 degrees, and 
of No. 82 8 degrees. Both animals were ill for from three to four hours, and 
gradually recovered. Three days later both animals were given intraperitoneal 
injections of 1.5 c.c. of egg white. No symptoms occurred, showing the pres- 
ence of anti-anaphylaxis. 

Protoco, 4.—Demonstrating that sensitization to egg protein is present after 
continuous feeding of egg white for thirty-two days.——Guinea-pigs 88 and 92 
were fed the usual diet. From 7 to 8 gm of powdered egg white were added 
to the diet on the seventh day. The usual eosinophilia developed. After the 
twenty-sixth day the eosinophil cells were practically normal. On the thirty- 


11. Loc. cit. 


12. These experiments were reported before the American Society for Clinical 
Investigation in 1915. 
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second day of egg feeding both animals were given 1.5 c.c. of egg white by 
intraperitoneal injection. Both developed the usual symptoms of anaphylactic 
shock. No. 88 died fifty-two minutes after the injection. The lungs showed 
the characteristic distention. Petechial hemorrhages were in the pericardium 
and peritoneum. No. 92 was quite ill, but began to improve after one and one- 
half hours and recovered. Four days later it was given 1.5 c.c. of egg white 
by intraperitoneal injection. No symptoms occurred showing the presence of 
anti-anaphylaxis. 


TABLE 2.—Snowine Errect or Feepinc Ecc WHITE ON THE EOSINOPHIL BLOoopD 
CELLS oF A GUINEA-PIG * 


Eosinophil 


Eosinophil 


Date, Diet Cells, Date, Diet Cells, 
1912 per Cent. 1912 per Cent. 
7/ 6 Regular 1.0 7/26 About 7 gm. of pow- 11.6 
7 7 | Regular 1.2 dered egg white added 
7/8 Regular 0.5 7/27 About 7 gm. of pow- 6.7 
7/9 Regular 0.8 dered egg white added 
7/10 Regular 0.5 7/28 About 7 gm. of pow- 10.6 
7/11 Regular 1.3 dered egg white added 
7 12 Regular 1.1 7 29 Regular, egg omitted 72 
dered egg white added | 7 gular, egg omittec R 
7/14 | About 7 gm. of pow- | 08 8/1 Regular, egg omitted 2.1 
| dered egg white added | 8/ 2 Regular, egg omitted 0.5 
7/15 | About 7 gm. of pow- | 0.8 8/ 3 Regular, egg omitted 1.2 
7 dered egg white added | 8/ 4 Regular, egg omitted 1.4 
7/16 About 7 gm. of pow- | 1,2 8/ 5 Regular, egg omitted 1.2 
dered egg white added | 8/ 6 Egg white added 2.1 
7/17 | About 7 gm. of pow- | 2.1 8/ 7 Egg white added 6.7 
| dered egg white added 8/ 8 Egg white added 7.3 
7/18 | About 7 gm.ofpow- | 1.2 8/ 9 Egg white added 10.6 
| dered egg white added 8/10 Egg white added 7.3 
7/19 About 7 gm. of pow- 2.3 8/11 Egg white added 6.4 
| dered egg white added 8/12 Egg white added 6.6 
7/20 About 7 gm. of pow- * 3.1 8/13 Egg white added 4.3 
dered egg white added 8/14 Egg white added 4.0 
7/21 | About 7 gm. of pow- 4.3 8/15 Egg white added 8.2 
dered egg white added 8/16 Egg white added  & 
7/22 | About 7 gm. of pow- 8.9 8/17 Egg white added 3.1 
dered egg white added 8/18 Egg white added 1.2 
7/23 About 7 gm. of pow- 14.4 8/19 Egg white added 0.05 
dered egg white added 8/20 Eee be = 0.05 
7/24 About 7 gm. of pow- 7.6 8/21 “gg white added 1.0 
dered egg white added 
7/95 About 7 gm. of pow- | 10.9 


dered egg white added 


Protocot 5.—Showing the absence of sensitization to egg protein after feed- 
ing egg white for sixty-two days. Also, the impossibility of sensitizing such 
animals by intraperitoneal injections of egg protein.—The conditions of this 
experiment were essentially the same as those outlined in protocols 3 and 4. On 
the sixty-second day of feeding powdered egg white, Guinea-pigs 93 and 94 were 
given intraperitoneal injections of 1.5 c.c. of egg white. Both animals seemed 
somewhat uncomfortable for a few minutes, but developed no noteworthy 
symptoms. 

To determine whether these animals were sensitized by this injection of 
egg protein, they were given a second injection of 1.5 c.c. of egg white fifteen 
days after the first. No noteworthy symptoms developed. This experiment was 
repeated on two other animals with identical results. 


The results in the group of animals fed milk were practically iden- 
tical with those cited, and, therefore, require no special comment. 
These experiments show that the ingestion of foreign protein by guinea- 


* Guinea-pig 83. Regular diet of oats, hay and carrots, lettuce or cabbage. 
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pigs causes the development of immunologic reactions. The animals 
became sensitized to the protein fed so that parenteral administration 
caused the symptoms of anaphylactic shock. When small amounts of 
protein are fed not enough is absorbed from the enteric tract to cause 
symptoms, although sufficient apparently passes into the circulation to 
produce sensitization. 

In connection with these experiments it seemed of importance to 
ascertain whether sufficient protein could be ingested to cause symp- 
toms in sensitized animals. Five guinea-pigs, about 300 gm. in weight, 
were sensitized to egg white and five to cow’s milk. The animals were 
starved for fourteen hours and then were given oats and carrots which 
had been thoroughly saturated with concentrated solutions of dried 
milk and egg white, respectively. Four of the animals of the group 
which had been sensitized to egg, and three in the group sensitized to 
milk developed severe diarrhea and were quite ill for twenty-four 
hours. Increase in the number of eosinophil cells in the blood was 
noted in all. One animal in the group tested with milk and two in the 
group treated with egg developed no definite symptoms, except that 
they did not run around the cage and were very quiet. Of interest is 
the fact that all three of the animals developed eosinophilia, 9.3, 10.8 
and 13.4, respectively. It seems unnecessary to give all the experi- 
ments in detail, but one protocol will be given. The others were 
identical. 


Guinea-pig 133, given sensitizing dose of 0.05 cc. of egg white by intra- 
peritoneal injection Aug. 10, 1911. Daily counts of the eosinophil cells were as 
follows: August 8, 1.3 per cent.; August 9, 2.1 per cent.; August 10, 1 per cent.; 
August 11, 1.9 per cent.; August 12, 1.6 per cent.; August 13, 2 per cent.; 
August 14, 1.6 per cent.; August 15, 0.0 per cent.; August 16, 2.3 per cent.; 
August 17, 17.1 per cent.; August 18, 2.4 per cent.; August 19, 2.6 per cent.; 
August 20, 0.05 per cent.; August 21, 1.3 per cent. 

Thirteen days later, after starvation for twelve hours, the animal was given 
oats saturated with egg white of which it ate greedily. Within five minutes 
the coat became rough, the animal huddled up in the corner of the cage and the 
breathing became increased and somewhat labored. Almost immediately it 
began to have watery stools. Counts of the eosinophil cells were as follows: 


Eosinophil Cells, 


Per Cent. 
Five minutes after ingestion of egg white................ 0.05 
Twenty-five minutes after ingestion of egg white........ 7.3 
Forty minutes after ingestion of egg white............... 14.2 
One and one-half hours after ingestion of egg white.... 6.3 
Three hours after ingestion of egg white................ 2.1 
Five hours after ingestion of egg white....... arden tare ais 1.2 
« Seven hours after ingestion of egg white................ 11.3 


The rectal temperature fell from 100.7 F. just before ingestion of the egg to 
the lowest level of 94.6 F. one hour later. The animal was quite ill for twelve 
hours and then slowly improved and seemed practically well twenty-four hours 
later. 
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Each of the animals was given an intraperitoneal injection of 1 c.c. of egg 
white three days later, and none of them developed anaphylactic shock. Evi- 
dently, the ingestion of the protein to which they had been sensitized was sufh- 
cient to cause desensitization. This would seem to prove that the symptoms 
were due to anaphylaxis. 

Two series of control were carried out. Three animals which had not been 
sensitized, after twelve hours starvation, were fed egg at the same time that 
the experimental animals were fed. None of the control animals developed 
symptoms. Four other control animals were sensitized to egg white at the 
time the experimental animals were. They received an intraperitoneal injection 
of egg white at the same time as the experimental animals. All died with 
characteristic symptoms of anaphylactic shock. 


These experiments demonstrate that in sensitized guinea-pigs feed- 
ing large amounts of the protein to which they are sensitive may cause 
distinct symptoms. These symptoms are mainly intestinal and are not 
typical of anaphylactic shock. That these symptoms were of such 
origin, however, is indicated by the fact that the animals became desen- 
sitized and a later injection of the protein caused no symptoms. 

If the results of these experiments could be proved to apply to 
human beings it would be of fundamental importance, offering an 
explanation not only for many cases of food idiosyncrasy, but, perhaps, 
also for certain nutritional disturbances. This proof, however, is 
lacking. That such reactions may occur in infants is suggested by the 
observations of Berger.** He found that infants previously fed 
exclusively on the breast, @%most regularly developed eosinophilia from 
seven to ten days following the administration of cow’s milk. 


IV. CLINICAL TYPES OF ALLERGY 

(a) The Hyperacute Type with Urticaria, Asthma and Symptoms 
of Shock.—This type of allergy is most commonly due to milk or egg, 
occasionally to beef. It may be caused by other foods, but much less 
frequently than by those mentioned. This type of disturbance is 
observed also in susceptible individuals after the injection of horse 
serum. 

In such cases very little of the food is actually ingested, as the 
infant spits it out of his mouth or vomits immediately after it has been 
swallowed. Within a few minutes there is a swelling of the lips, tongue 
and buccal mucous membrane. Symptoms of collapse occur, and the 
patient becomes drowsy or somnolent. Shortly afterward there is 
marked general urticaria. Asthma commonly occurs immediately after 
the food is swallowed and is usually severe. It occurs in many cases, 
but not in all. It may be absent in the earlier attacks, but present 
in later ones. Sneezing and conjunctival congestion are usually pro- 


13. Berger, H. C.: Eosinophilia Occurring in Infants: Following the Inges- 
tion of a Foreign Protein, Arch. Pediat. 33:743, 1916. 
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nounced. All of the symptoms usually appear within a few minutes, 
and the severe symptoms usually subside within an hour or two. The 
urticaria may last from sixteen to twenty-four hours. 

The diagnosis in this type of food idiosyncrasy is usually made by 
the parents or by the patient. The occurrence of the symptoms is 
directly traced to the ingestion of a particular food. 

(b) Bronchial Asthma.—That bronchial asthma is often due to 
allergy is now a matter of common knowledge. The very careful and 
painstaking work of Walker has shown that the allergy may be due to 
the proteins of food, pollens, epidermis of animals and bacteria. 

It is unnecessary for me to consider the subject of asthma in detail 
as my clinical experience has been relatively small in comparison with 
that of Walker. Such experience, however, is entirely in accord with 
his. 

(c) Urticaria.—The fact that urticaria is commonly due to sensi- 
tization has led to the attempt to attribute all urticaria to this cause. 
In actual experience, however, this relationship is impossible to prove. 
In addition to the patients in whom urticaria follows regularly the 
ingestion of some food, I have made cutaneous tests on sixty patients. 
Ten persons had to be excluded owing to the factitious urticaria. In 
only ten cases were the tests positive. Six of these patients reacted 
to many proteins, 9, 8, 7, 6, 5 and 4, respectively. These proteins were 
constituents of foods almost essential to a normal diet. Owing to this 
cause, or lack of cooperation, it was impossible to prove a causal rela- 
tionship by elimination of the foods in question. In four cases, how- 
ever, the reaction was positive to only three or fewer proteins, and it 
was possible to demonstrate the exact relationship by feeding experi- 
ments or immunization. 

I did not test cases of urticaria with the proteins from bacteria or 
pollens, and it is quite possible that had this been done, more positive 
results would have been obtained. Also, the tests were not done at 
different times so that it is possible that some of the patients were 
desensitized at the time the tests were made. 

(d) Angioneurotic Edema.—My experience with cases of angio- 
neurotic edema is similar to that with urticaria. Several of the patients 
who regularly developed urticaria after eating certain foods were also 
affected with angioneurotic edema, often coincident with the urticaria. 
In most instances the relationship of the cutaneous symptoms to the 
particular food were known. Exclusive of these, fourteen patients 
with angioneurotic edema were tested. Three had factitious urticaria 
and cutaneous tests were unreliable. Two of the remaining eleven 
reacted to skin tests, one to milk and wheat and the other to egg and 
beef. The causal relationship was demonstrated in both by dietetic 
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experiment. Both patients suffered from recurring attacks of local 
edema of the skin. Such attacks occurred every few weeks, and lasted 
a day or two. 

(e) Erythema Multiforme.— The relationship between urticaria, 
angioneurotic edema and erythema multiforme is well known. Osler ** 
particularly has grouped them together. I have made cutaneous tests 
on seven patients suffering from erythema multiforme and in one 
patient a relationship to food was demonstrated, both by cutaneous 
tests and by eliminating from the diet the food to which the patient 
reacted. This patient was sensitive to pork and was immunized by 
injections of pig’s blood serum. 

(f) Eczema.—tThe relationship of eczema to food idiosyncrasy is 
of peculiar interest and has been touched on in a previous communi- 
cation.** A large number of patients with food idiosyncrasy either 
suffer from eczema or suffered from it in infancy. A vast proportion 
of infants or young children with bronchial asthma had eczema during 
infancy, and in many there was a distinct family history of eczema. 
For purposes of description, I shall place my cases into two groups: 
1. Those patients under 16 months of age. 2. Those over 16 months 
of age. 

In the first group there were fifty-three cases. Forty gave cutane- 
ous reactions. Thirteen reacted to not more than three foods, and 
twenty-seven reacted to more than three foods. Thirty-four reacted 
to egg white despite the fact that egg had never been eaten. To ascer- 
tain whether the cutaneous reaction was actually indicative of idiosyn- 
crasy, eleven patients were fed small amounts of egg. All developed 
definite symptoms. It is quite obvious, however, that the idiosyncrasy 
to egg had-nothing to do with the causation of eczema in these patients. 
Thirty-six of the patients reacted to cow’s milk, and as this was the 
basis of their food, it was considered that the milk was, perhaps, 
responsible for the eczema. In artificially fed infants this is difficult 
to prove, as it is almost impossible to keep up their nutrition on foods 
free-from milk protein. That the milk protein may be the cause of 
the eczema was demonstrated in six patients. These patients, all of 
whom had eczema, were given a mixture consisting of protein free 
milk (lactose and mineral salts),’* washed butter and soy bean pro- 
tein. The amounts of fat, sugar and protein were approximately the 
same as they had been receiving. In all cases the eczema improved 


14. Osler: On the Visceral Manifestations of the Erythema Group of Skin 
Diseases, Am. J. M. Sc. 127:1 (Jan.) 1904. 

15. Schloss, O. M.: Allergy in Infants and Children, Tr. Am. Pediat. Soc., 
1914. 

16. Made according to Osborn and Mendel. 
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markedly in twenty-four hours and practically disappeared in three 
days. This mixture, however, caused diarrhea and vomiting in four 
of the patients and for this reason further observations were not made. 
The experience of Blackfan*’ with infantile eczema is practically 
identical. He found that severe eczema would often disappear after 
elimination of milk from the diet. It is obvious, however, that definite 
proof of the allergic nature of infantile eczema must depend on the 
development of a food, free from milk protein, which is capable of 
sustaining nutrition. 

Indirect evidence, however, is furnished by the common experience 
that infants with eczema will often do best on milk in which the protein 
is partially denaturized. Such preparations are soured milk and milk 
which has been subjected to heat or to peptonization. 

The opinion is current among pediatricians that sugar and fat are 
the usual offending constituents of milk in causing eczema. This is in 
accord with clinical experience. That these substances are the direct 
cause of all cases, however, has not been clearly demonstrated. 

In the second group — individuals over 16 months of age — there 
were twenty-four cases. Ten gave positive cutaneous tests. The 
eczema in the positive cases presented certain rather definite charac- 
teristics. The skin was dry, scaly and much indurated. The areas 
affected were uniform in appearance. Weeping areas were present 
only during periods of marked exacerbation. The skin of the hands 
and forearms, the bends of the elbows and over the popliteal space 
were the usual sites of the disease. The skin of the face and forehead 
was often dry and scaly, but not usually indurated. During periods of 
exacerbation, the face, chest and back were affected at times. 

Six of the patients reacted to so many different proteins that a con- 
firmatory therapeutic test was impossible. In the remaining four 
patients, after eliminating the offending articles of diet, the eczema 
either disappeared or was greatly improved. One case will be cited. 


C. N., aged 5 years, suffered from eczema since 6 months of age. Various 
forms of medication and various restrictions of diet had been tried without avail. 
At the time he came under observation, he had been on a diet consisting only 
of a very small amount of skimmed milk, egg and farinaceous vegetables for 
more than a year. His weight was 31 pounds. The red blood cells numbered 
3,900,000, and the hemoglobin 10 gm. per hundred c.c. (Palmer). (Normal 
from 11 to 14 gm. per hundred c.c.) 

A cutaneous test was positive to egg. All other tests were negative. He 
was given a diet containing all varieties of food except egg. The eczema dis- 
appeared within a week and during the course of two years, there has been no 
recurrence. Ie has gained 14 pounds in weight and the blood count is normal. 


17. Blackfan, K. D.: Cutaneous Reactions from Proteins in Eczema, Am. 
J. Dis. Child. 11:441, 1916. 
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It seems impossible to express any definite opinion at present con- 
cerning the allergic nature of infantile eczema. Many infants with 
eczema give cutaneous reactions, in most instances to egg or milk pro- 
tein. It is impossible at present to feed an infant satisfactorily on a 
diet free from milk protein so that a definite relationship is difficult 
to prove. The evidence available is suggestive that some cases at least, 
are due to food idiosyncrasy. 

(g) Acute Dermatitis —I have observed three cases of acute der- 
matitis (acute eczema) due to pollens.** The type of disturbance was 
similar in all. The onset usually was sudden. The skin of the arms, 
abdomen and inner surface of the thighs became red and indurated 
with intense itching. At the onset there were usually a few circular 
areas affected. These spread, coalesced at the edges within a day or 
so, giving rise to a uniform involvement of the skin. Viewed with the 
naked eye, there were no papules, but with a lens, minute papules 
could be seen. The rash was influenced to a degree by Iccal treatment, 
but continued for several weeks or months. In all essentials this rash 
corresponds to acute eczema. 

In both cases the rash was due apparently to pollens. In both, 
ragweed and dandelion were the causative agent. 

The patients had been affected each season for three years. Immu- 
nizing injections of the extracts of the pollens were given to two 
patients, and during that season there was no occurrence of the rash. 
Immunization was repeated the following year. One patient developed 
a slight rash on one thigh which lasted for a few days and then dis- 
appeared entirely. The other patient was free from the eruption. 

A third patient has been observed who was subject to the same type 
of skin lesion. The dermatitis occurred about the middle of August~ 
for the past three years and lasted until the middle of September or 
the first of October. Cutaneous tests showed a marked reaction to 
ragweed and a slight reaction to goldenrod. Immunizing injections 
of ragweed pollen were given during May and June, 1919. These 
apparently had no marked benefit, for the rash appeared as before, but 
about ten days later. A frost occurred early in September, killing all 
ragweed in the vicinity. The rash disappeared at this time and did 
not recur. 

(h) Gastro-Enteric Disturbances. V omiting, Diarrhea.——That cer- 
tain infants develop acute gastro-enteric disturbances when fed small 
amounts of raw cow’s milk, is a matter of common observation. In 
some cases, urticaria, angioneurotic edema and marked general dis- 
turbances are present in addition to the gastro-enteric symptoms. 
Patients belonging in this group always give a positive cutaneous reac- 


18. Sutton, R. L.: Ragweed Dermatitis, J. A. M. A. 72:126 (May 3) 1919. 
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tion to cow’s milk protein and symptoms occur immediately after the 
injestion of very small amounts of milk. There seems no doubt of the 
allergic nature of the disturbances in cases of this type. ; 

In a second group of cases, the symptoms are less acute and may 
not occur until the milk has been taken for several days. The symp- 
toms consist of loss of appetite followed by vomiting and diarrhea, 
irritability and, at times, fever. One often encounters patients in 
whom such disturbances follow regularly the ingestion of small 
amounts of milk, and such symptoms occur until the patient’s tolerance 
to cow’s milk has been increased. These patients, rarely, show a posi- 
tive cutaneous reaction to cow’s milk protein, and it is difficult to deter- 
mine definitely whether the symptoms are really due to sensitization 
to the proteins of cow’s milk or merely to disordered digestion or to 
abnormal bacterial action in the intestinal tract. 

The methods available for investigation of this problem do not 
permit of a definite solution, but that the condition may be caused by 
protein sensitization is indicated by a number of observations. 

1. Jn some cases the symptoms do not occur when thoroughly boiled 
milk is fed. The following case is cited in illustration. 


Baby E. H., aged 3 months, was seen first Jan. 11, 1919. The weight was 
8 pounds 6 ounces, only 8 ounces more than the birth weight. The baby had 
been breast fed for one week and since that time was fed on various types of 
infant foods. The ingestion of raw cow’s milk in various modifications was 
always followed within a few days by loss of appetite, vomiting, diarrhea and 
prostration. Cow’s milk, which had been brought to a boil was better tolerated 
but led to the same type of disturbance, though to a much less degree. ; 

On a diet of dried milk, the infant gained weight and acted normally. 
February 1, one teaspoonful of whey from cow’s milk was added to each 
feeding. Three days later the usual symptoms occurred, which disappeared 
after elimination of the whey. February 10, one-half teaspoonful of raw whole 
milk was added to each feeding with identical results. February 23, one tea- 
spoonful of whey which had been kept at boiling temperature for one hour 
was added to each feeding. No symptoms occurred. The same amount of 
pasteurized whey was added March 6. -The usual symptoms developed. 

After recovery from this attack, one drop of raw milk was given in each 
feeding. The amount was increased one drop each day for one week, and then 
five drops each day. Within two months, it was possible to feed a formula 
containing raw milk on which the infant thrived normally. 


This patient was able to take a formula made up of dried cow’s milk 
without symptoms, but regularly became ill after the addition of small 
amounts of raw or pasteurized cow’s milk or whey. The chemical 
nature of the food elements in dried milk and raw milk are identical, 
and it seems hardly possible that the symptoms were due to the addi- 
tional food elements contained in such small amounts of whey or milk. 
It also seems difficult to believe that bacteria contained in the milk 
or whey caused the symptoms, especially as pasteurized whey caused 
the same reaction as raw whey. 
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It seems evident that the symptoms were due to something present 
in the milk which was rendered inert by heat. It was also possible to 
establish tolerance by feeding increasing amounts of raw milk. From 
the evidence at our disposal it seems probable that the symptoms were 
due to a specific reaction to raw cow’s milk. 

Additional cases serve as further evidence. 


Baby T. C., aged 5 months, was admitted to the New York Nursery and 
Child’s Hospital June 3, 1910. The patient had done very poorly on various 
modifications of cow’s milk. On a formula made of evaporated milk the infant 
began to thrive, aud for three weeks had gained in weight and was free from 
digestive disturbances. The weight on admission was 9 pounds 8 ounces. Three 
weeks later it was 11 pounds. 

Careful analysis of the evaporated milk formula was made on three occa- 
sions. The average was as follows: Fat, 2.05 per cent.; sugar, 6.21 per cent.; 
protein, 2.35 per cent. Formulas of analyzed raw cow’s milk of a composition 
as nearly identical as possible were then given. The formulas were pasteurized 
in a Freeman pasteurizer. Within fhree days the infant began to refuse part 
of its food, vomited and had loose stools. After a period of starvation, it was 
again put on the evaporated milk formula and within a few days began to 
gain weight. 


Similar experiments were made on eight other infants with identical 
results in four. In two cases, the infants appeared to do quite as well 
on the pasteurized milk formulas as on the one made from evaporated 
milk. Two infants did not gain as rapidly, but did not develop pro- 
nounced digestive symptoms. 

These observations show that disturbances occurred in five infants 
fed on raw cow’s milk which were absent when evaporated milk of the 
same composition was fed. These disturbances could not have been 
caused by the chemical ingredient of the foods. They were obviously 
caused by something in milk which was changed either by evaporation 
or by age. That these disturbances may have been caused by bacteria 
in the raw milk cannot be disproved entirely. This possibility, however, 
is minimized by the fact that the milk was the purest obtainable, and 
that the formulas were all pasteurized. It certainly seems more prob- 
able that the difference was due to the effect of heat on the proteins. 

2. Infants suffermg from identical symptoms may show a positive 
cutaneous reaction to cow's milk. In two infants with histories iden- 
tical with those cited, there was a positivé cutaneous reaction to cow’s 
milk. One case will be cited in illustration. 


A. B., aged 4% months, was seen first May 3, 1919. He haa been artificially 
fed since birth, but had done poorly on various modifications of cow’s milk and 
proprietary foods up to the age of 3 months. On each food he had suffered 
from periodic attacks of vomiting and diarrhea with resulting loss of weight. 

At this time he weighed 8 pounds 3 ounces. The attending physician pre- 
scribed a proprietary food which consists of thoroughly heated cow’s milk, 
starch and sugar. The infant did well on this diet, gained regularly and was 
free from digestive disturbances. On several occasions the physician added 
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small amounts of raw milk (from % to 1 teaspoonful) to each feeding. Gastro- 
enteric symptoms occurred on each occasion. They appeared from twenty-four 
to forty-eight hours after the first feeding of raw milk. On one occasion, there 
was an urticarial eruption twenty-four hours after the feeding was commenced. 

Cutaneous tests to cow’s milk protein were positive. The reactions were 
slight but distinct. Casein caused no reaction, but lactalbumen caused a dis- 
tinct one. The infant was immunized by adding whey to the formula. At first 
only one drop was added to each feeding, the amounts being increased slowly 
at first and then more rapidly. Immunization was started May 7. May 28, the 
cutaneous reaction was much less marked. It had disappeared entirely June 16, 
at which time the infant was receiving 1% ounces of whey in each feeding in 
addition to the proprietary food. The feedings were than changed to a modi- 
cation of cow’s milk which were well taken and caused no symptoms. 


The type of case under discussion presents symptoms commonly 
seen in infants who are difficult to feed. The only essential difference is 
the fact that in the type of case I have cited these disturbances followed 
regularly the ingestion of very small amounts of cow’s milk. 

It is far from my intention to advance the hypothesis that the diges- 
tive disturbances of infants fed on cow’s milk are usually due to protein 
sensitization. Such disturbances are at present attributed to bacterial 
action in the intestinal tract, to feeding too large amounts of fat, sugar 
or protein, or to a special intolerance of the infant to some milk con- 
stituent. A discussion of the validity of these various views is beyond 
the scope of this paper. My only reason for considering this type of 
case is to present evidence which indicates that in some cases idiosyn- 
crasy to the protein of cow’s milk is a factor to be considered. 

(i) Cyclic Disturbances in Children—The clinical history of certain 
types of digestive disturbances in children strongly suggests an allergic 
origin. Such disturbances are characterized by recurrent attacks of 
vomiting, diarrhea and fever. These disturbances occur at intervals of 
from two weeks to three months.'® I have made cutaneous tests in 
twenty cases of this type, and in only two were the results positive. 
Both patients presented histories which were practically identical. One 
will be cited. 


J. R. aged 8 years, had suffered from recurring attacks of fever, slight 
abdominal pain and nausea for four years. The attacks came at intervals 
varying from two weeks to two months, and lasted from three to five days. 
The mother had observed that when egg or egg-containing foods were omitted 
the attacks did not occur. Four months before coming under observation, the 
attacks had increased in frequency and occurred every thirteen to seventeen 
days. Egg in all forms was eliminated from the diet, and for three months 
no attacks had occurred. 

The patient had eczema as an infant and had several attacks of severe 
urticaria. A positive cutaneous reaction was given by egg protein. All other 
tests were negative. The patient was immunized by feeding increasing amounts 
of dried egg white. During immunization one of the regular attacks occurred. 


19. Such disturbances are frequently due to focal infections, often of the 
tonsils. 
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The onset was sudden, with fever (103 F.), slight abdominal pain and nausea. 
The symptoms lasted three days and then disappeared. Immunization was 
completed nine months ago and the patient has remained free from attacks. 

The second patient suffered from similar attacks and was also sensitive to 
egg protein. On a diet free from egg, he had no attacks. 


V. TREATMENT 


(a) Treatment by Eliminating the Foods to Which the Patient 
Reacts.—The treatment of cases of food idiosyncrasy by eliminating 
the offending foods is simple provided the patient is not sensitive to 
a great number. In some instances the number of foods to which the 
patient reacts is so large that this form of treatment is impossible. 

It is important that the food is eliminated not only in a pure state, 
but also as an ingredient of other foods. This is particularly true of 
milk and egg which are so largely used in various dishes. 

Many patients with food idiosyncrasy recover spontaneously. This 

is true particularly of the congenital type due usually to milk or egg. 
The symptoms in this group are usually so pronounced and follow so 
regularly the ingestion of the particular food that the patients are 
practically always aware of the idiosyncrasy. Usually the disturbance 
becomes less and less, and ultimately the patient is able to eat the food 
in question without discomfort. This, however, does not occur in all 
cases. , 
(b) Treatment by Desensitization Desensitization may be accom- 
plished by hypodermic injection of the protein to which the patient is 
sensitive. This form of treatment is particularly applicable to dis- 
turbance caused by pollens. 

To desensitize to foods by this means would seem the most rational 
procedure, but there is one considerable difficulty — to obtain sterile 
proteins in a soluble and a non-irritating form for this purpose. With 
a number of the foods this is impossible. Many of the food proteins 
after separation are soluble only in alkalire solvents which would be 
very irritating if injected into the tissues. 

I have attempted to desensitize five patients with idiosyncrasy to 
egg by this method. All of these patients gave a marked reaction to 
ovomucoid which is readily soluble in normal saline and is only slightly 
irritating. It is, therefore, well adapted for use in injections. All 
patients with idiosyncrasy to egg do not react to ovomucoid, and there- 
fore treatment by injections of this substance is not always applicable. 

Of the five patients treated, two disappeared from observation 
before the treatment was complete. Neither had shown any improve- 
ment while under observation. The remaining patients became com- 
pletely immune. The initial injection was 0.0001 mg. of ovomucoid. 
Injections were given at intervals of five days, and the dose was 
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doubled at each injection. The progress of immunity was gaged by 
the cutaneous reaction. The process of immunization required two 
months, three months and three and one-half months, respectively. 
The final dose of ovomucoid was 0.1 gm., 0.18 gm., and 0.21 gm., 
respectively. 

Reaction from the injections occurred several times in two of the 
patients. In one case they were local and consisted entirely of the 
development of a large urticarial wheal and erythema. The second 
patient on two occasions developed moderate general symptoms, asthma 
and vomiting, in addition to a local reaction. 

Immunization by hypodermic injections was tried in three cases of 
idiosyncrasy to cow’s milk. The casein was removed from fat free 
milk by rennin. The whey was dialysed to remove sugar and salts and 
then pasteurized. The protein content was based on a total nitrogen 
estimation and the preparation preserved with tricresol. The method 
of procedure and dosage were practically identical to those used in 
immunizing to ovomucoid. One patient was lost track of after the 
fourth injection. The other two became desensitized. 

(c) Immunization by Feeding.—This method of treatment consists 
of the administration of gradually increasing amounts of the offending 
protein or food until toleration is established. By this means it is 
possible to immunize a considerable proportion of cases of idiosyncrasy 
to egg or milk.. 

The procedure is relatively simple. If the patient is old enough, 
dry egg or milk protein or dried egg white or milk is given in capsules 
three times a day. Needless to say, the initial dose should be very 
small; if the patient is very sensitive, from 2 to 5 mg. in each capsule 
is sufficient. While the dose is small, it is necessary to use milk sugar 
or starch as a diluent. The rate of increase varies somewhat, dependent 
on the sensitiveness of the patient. Reactions should be avoided, if 
possible. As a rule, it is sufficient to begin with three capsules a day, 
and to give an additional capsule each succeeding day. Within a week, 
capsules containing a larger amount of the food or protein should be 
used, because otherwise the patient would be ingesting too many cap- 
sules and too much diluent in proportion to the actual amount of pro- 
tein. Ultimately the pure protein or food is given. 

The amount of the dried food or protein required for desensitiza- 
tion varies considerably, but is always large. Usually at the end of 
the treatment, the patient receives from 15 to 30 gm. of the dried pro- 
tein or food in twenty-four hours. While smaller doses are apparently 
sufficient to desensitize to a considerable degree, yet the completion of 
the process requires the ingestion of a very large amount. 
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Children under 3 years of age are usually unable to swallow cap- 
sules, and for them this method of administering the protein or food 
is not possible. As a substitute, a solution can be used, but owing to 
the direct contact with the buccal and pharyngeal mucosa the initial 
dose must be very small. For example, an infant, 1 year of age, sensi- 
tive to milk, developed marked swelling of the tongue and lips after 
taking 1 drop of milk diluted with 1 teaspoonful of water. A reaction 
was also caused by 44 drop of milk. In this case the initial dose was 
4, of a drop of milk, three times a day. When this method is used 
the increase in dosage must be very gradual at first. 

During the process of immunization cutaneous tests should be made 
to determine the progress. It is best at the onset to determine approxi- 
mately the highest dilution to which a positive reaction is given. Done 
in this way, the cutaneous test offers a more accurate index to the 
progress of desensitization than if a strong solution were used each 
time. Desensitization by this method requires from three to six months. 
This form of treatment has been used in twenty-four cases of idiosyn- 
crasy to milk. All of the patients were markedly sensitive, and at the 
conclusion of the treatment were able to ingest the food without 
discomfort. 

After desensitization is accomplished, it is necessary for the patient 
to take regularly a moderate amount of the food to which he was 
sensitive. Otherwise, he will again become sensitive and symptoms 
may occur. In this event, however, the symptoms are less severe than 
before treatment. Desensitization can be brought about very quickly 
by resuming treatment. 

It occasionally happens that patients who have been desensitized 
have a return of symptoms despite the continuous ingestion of a small 
amount of the food. It is probable in such cases that the amount 
ingested was too small. Under these conditions, usually the symptoms 
consist only of urticaria, or, perhaps, slight swelling of the lips and 
tongue. It is only necessary to give treatment for a few days with 
large amounts of the food to cause a return of desensitization. 

I have been able to follow twelve of the patients who were desensi- 
tized from three to seven years. All of these patients are now quite 
immune and can eat, without discomfort, the foods to which they were 
sensitive. 
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FORDYCE’S DISEASE AS PSEUDOKOPLIK SPOTS AND 
A CAUSE OF MISTAKES IN THE DIAGNOSIS 
OF MEASLES * © 


JOSEPH C. REGAN, M.D. 
BROOKLYN 


Fordyce’s disease is a chronic disease of the mucous membrane 
of the mouth and lips which is characterized by the presence “of 
whitish or yellowish, scanty or abundant, discrete, aggravated and 
often coalescent miliumlike bodies, occuring more especially on the 
inside of the mouth, laterally along the line of the teeth as far back 
as the last molar, and possibly somewhat less frequently on the ver- 
milion or mucus and inner surface of the lips.” The lesions are 
from pinpoint to pinhead in size, and usually of a pale buff or oatmeal 
color. They are almost invariably imperceptible to touch, being 
situated on a level with the buccal mucosa, but at times they may send 
out hairylike projections which penetrate the mucous membrane. As 
a rule, the patient is unconscious of the condition, as subjective symp- 
toms are lacking. The disease is most commonly encountered between 
the ages of 20 and 40, but it has also been observed in young children. 
Fordyce,? to whom is due the honor of the first description of the 
condition, considered it to be the result of a granular change in the 
protoplasm of the cells of the affected mucosa. Some other investi,- 
gators, however, as a result of histologic study contend that the lesions 
are to be attributed to slightly, moderately, or sometimes markedly 
developed sebaceous glands. Heuss* believes that the disease is 
favored by catarrhal conditions of the mucous membrane, while White,‘ 
in a series of sixty-five cases, found that 70 per cent. of his patients 
suffered from various skin diseases intimately associated with disorders 
of the sebaceous glands. 

The condition has proven especially interesting to me from a con- 
tagious standpoint inasmuch as these lesions are not infrequently mis- 
taken for Koplik’s spots, even by physicians who are familiar with the 
appearance of the latter. On several different occasions, patients, 
usually older children or adults, were sent into the hospital with an 
incorrect diagnosis of measles, the examination on entrance showing 


*From the Kingston Avenue Hospital of the Bureau of Hospitals, Depart- 
ment of Health of New York City, Dr. R. J. Wilson, Dircctor. 

1. Stelwagon, H. W.: Treatise on Diseases of the Skin, Philadelphia, 1907, 
pp. 1122, 1123. 

2. Fordyce, J. A.: J. Cutan. Dis., 413, 1896. 

3. Heuss: Quoted by Stelwagon, loc. cit. 

4. White, C. J.: J. Cutan. Dis. 28:97, 1905. 
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all the typical symptoms of German measles, the buccal mucosa failing 
to show Koplik’s spots, but presenting a typical picture of Fordyce’s 
disease. 

That mistakes in diagnosis between measles and German measles 
should originate at times in this way is not surprising, because the 
similarity between the symptoms of the two diseases is at times quite 
pronounced, and this analogy is rendered closer still because of the 
deeper hue of color, reddish pink to deep red, which the buccal mucous 
membrane often assumes in the latter disease. This congestion is fre- 
quently slightly more pronounced at the site of Fordyce’s spots giving 
them the appearance of an acute lesion. It is, moreover, possible that 
this latter disease is temporarily aggravated by the local congestion 
of the surrounding mucosa and that this accounts in part for the 
greater prominence of these lesions during the acute infection. 

Recently a child was admitted into the hospital with the symptoms 
of mild scarlatina. A diagnosis of measles had been made by the 
family physician evidently based, in part, on the presence in the mouth 
of those pseudo-Koplik spots. 

We have quite frequently seen Fordyce’s spots mistaken for 
Koplik’s spots in patients ill with various contagious diseases whose 
buccal mucosa was being examined daily for the appearance of the 
true spots, owing to the exposure of the patients to a previous case of 
measles. Likewise, children sent into the hospital with a diagnosis of 
laryngeal diphtheria or influenzal croup have at times been isolated as 
possible beginning cases of measles with a catarrhal laryngitis, the 
subsequent examination showing the suspicious lesions to be nothing 
more than a few Fordyce spots. 

The possibility of these pseudo-Koplik’s spots leading to errors in 
diagnosis when they are present in patients who develop maculo- 
papular rashes from serum, antitoxin, etc., accompanied by fever, is 
also a point which should be kept in mind. We have seen a diagnosis 
of probable measles in part based on their presence in a suspected 
case of antitoxin rash. Not infrequently Fordyce’s disease exists in 
patients who develop Koplik’s spots. In such instances the two types 
of lesions when seen together are so distinct as to permit readily of 
their differentiation. 

Well marked and pronounced examples of Fordyce’s disease are 
unusual, although not exceptional in young children. Slightly marked 
cases, however, are frequently seen, even in infancy, but the lesions 
are, as a rule, few in number. They are small, discrete, and situated 
well back on the buccal mucosa, often just posterior to the site of the 
last molar teeth, and are visible only on careful inspection of the 
mucous membrane. This characteristic grouping of the spots on the 
buccal mucosa assists greatly in their identification. 


> 


|. Koplik’s spots, early stage—Lesions discrete, minute, 
vesicular spots with red areola. 


Il. Lesions more numerous, whitish, 
to whitish yellow or blue spots, situated on a deep red inflamed buccal mucosa. 


ITT. 


white or semi- 


Koplik’s spots, more advanced stage. 


Fordyce’s disease in children——Normally colored or slightly reddened 
buecal mucosa, with the oatmeal colored spots embedded in mucous membrane 

IV. Fordyce’s disease in older patients, showing slight areola which spots 
often have around them in patients with German measles. 


a 
= 
I I] 
’ 
4 
| 
4 
= IV 
| 


REGAN—FORDYCE’S DISEASE 457 


The two types of lesions are, as a rule, so dissimilar that a differ- 
ential diagnosis usually offers no difficulties. Koplik’s spots evolute 
in from three to six days, passing through various stages, and then 
disappear, while in Fordyce’s disease the spots persist after the symp- 
toms of the acute malady have subsided. Color of the lesions, their 
distribution, size and location differ. At an early stage Koplik’s spots 
are minute, white or semivesicular spots, with a surrounding red areola, 
situated immediately on the surface of the buccal mucous membrane, 
and inside of the lips, having no particular arrangement as to the upper 
and lower rows of teeth. Later on, as they become more numerous, 
the adjacent areolae fuse to form a diffuse red background on which 
the numerous milky white spots stand out elevated, and at times are 
somewhat coalescent. At a still later period of development, the buccal 
mucosa begins to return to its normal coloration, and the lesions are 
seen as small milkish white specks on the membrane resembling nothing 
more than some minute particles of food, especially milk, which have 
adhered temporarily to the mucous membrane. Finally, just before 
they disappear, that may change to almost transparent and merely 
visible vesicles. 

Fordyce’s spots, on the contrary, have the characteristics men- 
tioned above. They are yellowish white or of a café-au-lait color, 
larger than Koplik’s spots, often coalescent, situated right in the super- 
ficial layers of the mucous membrane and without a definite areola. 

A point to be kept in mind in examining for Koplik’s spots, one 
which often accounts for errors in diagnosis, especially when the 
lesions are poorly defined, is that one should use daylight and pre- 
ferably sunlight in looking for them. Artificial light is decidedly 
unsatisfactory. 

CONCLUSION 


1. Among the conditions of the mouth which may simulate Koplik’s 
spots, Fordyce’s disease deserves a place greater in importance than 
that accorded aphthous stomatitis. 

2. Fordyce’s spots are especially apt to be mistaken for Koplik’s 
spots when they exist in patients who develop German measles. - The 
similarity between the clinical symptoms of the two diseases is further 
increased by the presence of these pseudo-Koplik spots. The resem- 
blance between the two types of lesions in such cases may be rendered 
closer still, because of the changes which the buccal mucosa undergoes 
in German measles which gives it a deeper coloration than normal. 
Being often more prominent at the site of Fordyce’s spots, it gives 
them the appearance of an acute lesion. 

3. Fordyce’s disease is quite frequently niistaken for early Koplik 
spots in patients ill with various contagious diseases and exposed to 
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measles, whose buccal mucosa is being examined daily for the appear- 
ance of the true spots. 

4. Children sent into a contagious hospital as cases of laryngeal 
diphtheria or influenzal croup may, at times, be isolated as possible 
beginning cases of measles owing to the presence of these lesions. 
(Catarrhal laryngitis plus coryza, being one of the modes of onset of 
measles, a careful examination of the buccal mucosa is made on the 
admission of all croup cases. ) 

5. The possibility of these pseudo-Koplik spots leading to errors 
in diagnosis when they are present in patients with suspicious looking 
maculopapular eruptions from serum or antitoxin, should be borne 
in mind. 

6. Well marked and pronounced examples of Fordyce’s disease are 
unusual in young children. Slightly marked cases are, however, fre- 
quently seen even in infancy, but the lesions are so few in number, so 
small, and often situated so far back on the buccal mucous membrane, 
and of so nearly the normal color of the mucosa of a child, as usually 
to be overlooked, except where a careful search is being made for 
Koplik’s spots. 

The two types of lesions, Fordyce’s spots and Koplik’s spots, are, 
as a rule, so dissimilar that a differential diagnosis offers no difficulties 
to one familiar with their characteristics. Those unfamiliar with their 
appearances may, however, readily confuse them. As stated above, the 
color, arrangement, distribution, evolution, size and location of the 
two lesions differ in so definite a way as to permit readily of their 
differentiation. 

8. Relative to the examination for Koplik’s spots, one fact should 
be emphasized — to use daylight or sunlight whenever possible. 


The writer wishes to thank Dr. R. J. Wilson for affording him the oppor- 
tunity to carry out this study. 
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THE BACILLUS OF PFEIFFER IN INFLAMMATIONS OF 
THE RESPIRATORY TRACT IN CHILDREN * 


MARTHA WOLLSTEIN, M.D., ann RALPH C. SPENCE, M.D. 
NEW YORK 


At the Babies’ Hospital there are patients with respiratory diseases 
in the wards at all seasons. The number commences to increase during 
the latter part of September and during October, rises steadily during 
November and December, reaches the highest point in January, remains 
high through February and March, then gradually declines during April 
and May to reach the lowest point in June, and stays low until the 
middle of September. The combined curve for the last five years, illus- 
trating the incidence of the respiratory diseases at the hospital, is graph- 
ically shown in the accompanying chart. Parallel curves for eadh of 
the last five years are also shown. It can be seen that the highest abd 
reached at any time from March 1, 1915, to March 1, 1920, was in 
1917, when seventy cases of respiratory disease were admitted to the 
wards during March. Since the statistics for the city as a whole show 
but a very slight increase in respiratory diseases in 1917, we can only 
explain our figures by the increased number of admissions to the hos- 
pital. One hundred and fifty babies were admitted during March, 1917, 
while the average number of admissions during the other four years 
for the same month was 104. The highest number of respiratory. cases 
admitted during March in any one of the four years was forty-three ; 
the lowest, twenty-eight. The next highest number appeared during 
January, 1920, which was the beginning of the latest influenza out- 
break in New York City. 

It is interesting to compare the curve during the epidemic, begin- 
ning in October, 1918, with that of the recurrence in 1920. In the 
former case the incidence of respiratory diseases rose abruptly from 
the middle of September to the middle of October, then gradually fell 
below the average at the end of November and remained decidedly 
below the number reached in any of the other four years until January, 
1919, when it rose slightly, but declined in February, and remained 
below the average throughout the rest of the year. Indeed, during 
1919 the admissions for diseases of the respiratory tract at the Babies’ 
Hospital were lower than they had been at any time during the previous 
four years. The average number for the five years was reached only 
in the last week of December, when the recurrent epidemic evidently 
started. 


* From the iaboratory of the Babies’ Hospital. 
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Since it has been the custom for some years at the Babies’ Hospital 
to examine the sputum of the patients with respiratory diseases for the 
presence of the bacillus of Pfeiffer, an intensive study to determine the 
presence of this organism in respiratory and nonrespiratory diseases 
during an epidemic period was undertaken. The further purpose of 
our study was to determine the possible influence of the presence of the 
Pfeiffer bacillus in the sputum on the clinical course and outcome of 
the cases examined, and also to compare the results with those we had 
previously obtained in nonepidemic years. 

From Jan. 1 to March 20, 1920, or throughout the duration of the 
latest epidemic of influenza in New York City, 1,000 sputum cultures 
were studied from children admitted to the hospital wards, from ambu- 
latory cases coming to the dispensary, from the mothers of some of 
the outdoor patients, from the nurses in the hospital and from the 
attending and resident staff of physicians. 


| Jan. Fes, Maren Mar Ave. Sepr, Ocr New. _ 


Combined curve showing incidence of respiratory disease at the Babies’ 
Hospital during the last five years. 


Technic.—Plates of oleate agar* and of heated blood agar were 
used in the study of our cultures, one plate being used for each patient. 
In every instance an effort was made to procure mucus from the lungs 
or from the upper respiratory tract. This was obtained from the 
babies by using a curved sterile cotton swab to touch the posterior 
pharyngeal wall. The mucus was caught on the swab as it was coughed 
up during this procedure. In the cases in which we were unable to 
obtain sputum in this way a postnasal culture was taken by turning the 


1. Avery, O. T.: J. A. M. A. 71:2050 (Dec. 21) 1918. 
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curved part of the swab upward. A small portion of the thickest mucus 
in the specimen of sputum so obtained was placed near the edge of a 
', Petri plate and rays drawn from it in all directions over the medium. 
The plates were incubated for forty-eight hours. The colonies were 
then examined with a hand lens and with the naked eye. A cover slip 
was placed over that portion of the plate which showed the largest 
number of small, moist, dewy colonies, and pressed down firmly 
enough to allow the colonies to become attached to the glass. In this 
way whole colonies were fixed and stained by Gram’s method. Pure 
cultures were isolated whenever possible. 

The children ranged in age from 7 days to 13 years. The majority 
were less than 2 years oid. Two hundred and ninety-four adults were 
examined. The accompanying table shows the age incidence of the 
positive and negative cases. 


AcE oF PosiTIvE AND NeGATIVE CASES 


5 B. Pfeiffer in Sputum | B. Pfeiffer Not in Sputum 


Total 
Number Per Cent. Number Per Cent. 

Under 3 months old........... 14 30 34 70 48 
3 to 6 months old........... 36 41 52 59 88 
6 to 12 months old........... 71 51 68 49 139 
2 97 38 71 42 168 
50 56 40 44 90 
<0 44 60 29 40 73 
28 70 12 30 40 
5 to 18 years old...... ..... 39 65 a | 35 60 

‘ Over 20 years old............. 95 33 199 67 294 
47.4 526 52.6 1,000 


It will be seen that the frequency of the presence: of the Pfeiffer 
bacillus increased with the age throughout the first five years of life. 
It was lowest in infants less than three months old and increased in 
frequency as the age increased during the first year. It was present 
still more often throughout the second and third years, while the largest 
percentage of positive cultures was found among children between 
the ages of 4 and 5 years. This may be explained by a combination of 
several factors. The children more than 1 or 2 years old are walking 
and have greater opportunities for becoming infected. They also give 
better specimens of sputum than do the young infants who are more 
guarded from contact with infected persons. The low percentage of 
33 found among the adults examined is explained largely by the fact 
that none of them were acutely ill. They were parents, nurses and 
physicians who were in contact with the patients. 

Among our 1,000 cases there were 101 children with pneumonia; 
122 patients with other respiratory inflammations, including rhinitis, 
laryngitis and bronchitis, severe enough to produce a febrile reaction ; 
-473 simple colds without any elevation of temperature ; twenty-three 
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children in whom the respiratory symptoms were complicated by 
measles either during the prodromal stage or during convalescence ; 
fifteen children with tuberculosis; and finally control cultures on 266 
healthy individuals who had had no recent colds. 

1. Cases OF PNEUMONIA.—One hundred and one patients were 
studied. The oldest was 5 years and the youngest was less than 6 weeks 
of age. Seventy-four of the children showed the presence of the 
Pfeiffer bacillus in the sputum cultures; twenty-seven did not. The 
mortality rate of 42 per cent. for the total number of pneumonia cases 
studied in this series was much lower than that for the pneumonia 
patients who were admitted to the hospital during the influenza epi- 
demic of 1918, when it reached 57.7 per cent. Thirty-five of the posi- 
tive cases terminated fatally, and twenty-seven came to necropsy. 
There were only two cases of lobar pneumonia in our series. In one 
of the two, broncho-pneumonia was present in another lobe. 

Postmortem Bacteriology.— Cultures from the lungs were taken in 
twenty-two of the twenty-seven cases which came to necropsy after 
B. Pfeiffer had been grown from the sputum during life. The bacillus 
was cultivated from the lung exudate in twenty, but only three times in 
pure culture. Pneumococcus was the accompanying organism eight 
times, staphylococcus in eleven cases, streptococcus only twice, and 
the diphtheria bacillus in two cases. Pfeiffer bacillus was not found 
in any of the pleural exudates. In only two cases were the bacilli not 
found in the lungs at necropsy when they had previously been grown 
from the sputum during life. In one of these cases the lungs were 
removed through the empyema wound, and the plate cultures were 
overgrown with a contaminating bacillus. The other case could not be 
studied until four days after death, when the cultures were contami- 
nated. Four children died before a sputum culture could be obtained, 
but the Pfeiffer bacillus was cultivated from the lungs at necropsy. 
The omission of a sputum culture during life was due to the moribund 
condition of the baby on admission, and its death soon afterward. 
Pfeiffer bacilli were found in the heart’s blood in only one of the 
twenty-seven cases that came to necropsy, and in no instance were they 
found in the blood during life. 

Pathology.—The gross pathologic picture was very similar to that 
noted during the epidemic of October, 1918.2 Subpleural and intra- 
alveolar hemorrhages were a constant feature and congestion of the 
lungs was very marked. Generalized mucopurulent bronchitis was the 
rule. In children who died during the first four or five days of the 
illness the pneumonic areas were peribronchial in distribution and 
bright red in color. After a longer duration the consolidated areas had 


2. Wollstein, M., and Goldbloom, A.: Am. J. Dis. Child. 17:165 (Feb.) 1919. 
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coalesced to occupy the greater part of several lobes, and purulent 
infiltration, gray or yellow in color, was apparent -along the interstitial 
septa, around the bronchi, or both. Small abscesses, especially beneath 
the pleura, were encountered in nine of these cases. The pleura was 
inflamed in seventeen instances, the exudate ranging from a thin layer 
of fibrin to a large amount of fluid pus. Pulmonary abscesses occurred 
more frequently than in the cases studied during the 1918 epidemic,’ 
while the pleura was involved in slightly fewer instances in the present 
series. 

In the twenty cases which came to necropsy and contained the 
Pfeiffer bacilli in the lungs, there was a family history of infection 
seven times, while one case was infected in the hospital six days after 
admission. The temperature of these fatal pneumonia cases ranged 
from 97 F. to 106 F., running an irregular course with morning remis- 
sions. In eleven of the patients the afternoon temperatures exceeded 
104 F. The leukocyte counts varied from 8,000 to 45,000, the average 
being about 19,000, which is far above the normal number of leuko- 
cytes for young children. In no instance was there a leukopenia. The 
three cases in which the Pfeiffer bacillus was found at necropsy in 
pure culture were infants aged from 4144 to 6 months. All three 
showed scattered areas of bronchopneumonia throughout both lungs 
with typical subpleural and intra-alveolar hemorrhages. The leuko- 
cytes numbered 8,000, 14,000 and 18,000, respectively. That is, the 
leukocytes were not diminished in any of the three cases, but were 
only slightly increased in two cases. In only one were the -poly- 
morphonuclears increased in number. 

Most of the cases of pneumonia ran an acute course lasting from 
four days to two weeks. The symptoms in four cases lasted a longer 
time. Two babies had empyema and died from one to two months 
after the onset of the pneumonia. One child with miliary tuberculosis 
lived seven weeks after the onset, and one, which lived five weeks, had 
otitis media as the only complication. Another patient had had a pre- 
vious attack of influenzal pneumonia, with Pfeiffer bacilli present in 
the sputum, from which he recovered one month before his last illness 
began. The final attack lasted only two days and a pure culture of 
Pfeiffer bacilli was obtained from the lungs at necropsy. This child 
probably had a recurrent attack rather than a reinfection. 

Twenty-seven pneumonia patients in this series did not have the 
bacillus of Pfeiffer in their sputum. Seven of them died, and necrop- 
sies were performed on six. The Pfeiffer bacilli were recovered from 
the lungs of two of these children who had died before a second sputum 
culture could be made. In one case the plate on which the sputum 
culture was taken was overgrown with staphylococci; and in the other, 
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with staphylococci and Kiebs-Loffler bacilli. At necropsy cultures from 
the lungs showed many colonies of the bacillus of Pfeiffer, with staphy- 
lococci in both, and Klebs-Loffler bacilli in the one in which these 
organisms had been so abundant in the sputum during life. 

In our present series of seventy-four pneumonia patients showing 
the Pfeiffer bacillus in the sputum, it was possible to follow the entire 
illness of sixty-five, of whom 53 per cent. died. On the other hand, 
the twenty-seven pneumonia patients whose sputum did not show the 
presence of the Pfeiffer bacillus gave a mortality rate of 33 per cent., 
twenty-two of the cases having been followed throughout the-course 
of the disease. There was, then, a distinctly higher death rate among 
the children who had pneumonia with the presence of the Pfeiffer 
bacillus than among those whose sputum did not contain this bacillus, 
a fact which we had noted in previous years. 

2. MEASLES. — Twenty-three babies under 2 years of age were 
examined either during the prodromal or the convalescent stage of 
measles; that is, before they were sent to a hospital for contagious 
diseases, or after dismissal from such a hospital. All had fever, cough 
and bronchitis at the time the cultures were taken, and fourteen showed 
Pfeiffer bacilli in their sputum. 

3. TusercuLosis.—There were fifteen cases of tuberculosis among 
the children studied. All were under the age of 2 years. Five carried- 
Pfeiffer bacilli in their sputum. Two of these five cases came to 
necropsy and the bacilli were recovered from the lungs of both. 

4. Cases OF BRONCHITIS AND RHINITIS WITH FEBRILE REACTION.— 
There were 122 children in our series, all less than 5 years of age, who 
were ill with respiratory symptoms, but who did not develop pneu- 
monia. The lesion was limited to the nose, pharynx, larynx and 
bronchi. The temperature of these children reached 105 F. in some 
instances, and ran a very irregular course, often reaching normal in the 
early morning. The prostration was not as severe as the temperature 
would indicate, and all ended in recovery. One hundred and four, or 
85 per cent., showed the Pfeiffer bacillus in the sputum. 

In no instance was the bacillus of Pfeiffer present in the sputum 
in pure culture; the accompanying organisms were pneumococcus, 
staphylococcus, micrococcus catarrhalis, the Klebs-Loffler bacillus, and 
rarely streptococcus. The high percentage of these nonpneumonia 
cases with a distinct general reaction, in which the bacillus of Pfeiffer 
was found, is significant in comparison with the results obtained in 
our next group. 

5. Cotps WITHOUT TEMPERATURE COMPRISING CaSsEs OF RHINITIS 
AND PHARYNGITIS, BUT WITHOUT PULMONARY INVOLVEMENT OR GEN- 
ERAL REACTION.—This group comprises 473 cases, the largest number 
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of any group in our series. Three hundred and eleven were dispensary 
patients under 12 years of age, and 162 were adults: 12 physicians, 22 
1urses and 128 parents who accompanied the children to the dispensary. 
One hundred and seventy-two, or 55 per cent., of the children showed 
the presence of the Pfeiffer bacillus in their sputum, and it was found 
in 43 per cent. of the parents. In 66 per cent. of the twelve physicians 
from whom cultures were taken during the course of an acute or 
chronic catarrh of the upper respiratory tract, was the bacillus of 
Pfeiffer grown from the sputum. Of the nurses with cold, 59 per cent. 
carried the organism. Altogether, the positive cases in this group 
numbered 54 per cent., showing the high preponderance of the Pfeiffer 
bacillus in cases of ordinary head colds at this time. 

6. CoNTROLS.—As controls, 266 persons without respiratory symp- 
toms of any kind, and with no history of recent colds, were studied. 
Twenty-nine had the Pfeiffer bacillus in their sputum, or approximately 
10 per cent. Ten of these positive cases were older children who were 
exposed to younger members of the family, brought to the dispensary 
for acute colds, and in whose sputum Pfeiffer bacilli were found. Only 
one of the five physicians in this group carried the bacillus of Pfeiffer. 
Yet all were working among the children with respiratory diseases 
and were, therefore, exposed to the infection. Only two of the twenty- 
four nurses in this group were carriers. Sixteen carriers were the 
parents of children who were brought to the dispensary because they 
had acute colds, and from fourteen of the sixteen children the bacillus 
was cultivated. Twice the parent was positive and the child negative. 
Only two cases remain as unexplained, healthy, carriers. This empha- 
sizes the exceedingly small number of healthy persons who carry the 
Pfeiffer bacilli in their respiratory secretions, even during the time of 
an influenza epidemic, unless there is a history of direct exposure. 
Other observers have found much higher percentages of so-called 
healthy carriers both in and between epidemics, but their studies were 
made in camps, institutions, or large cities, where the chances for infec- 
tion were very great (Opie et al,’ Lord et al, Winchell and Stillman,° 
Stillman and Pritchett °). 

In 219 instances it was possible to take cultures in from two to six 
members of one family and to obtain the respiratory history of the 
family throughout this epidemic period. In the majority, however, 
only the mother and one child were studied in a given family. Forty- 


3. Opie, E. L., Freeman, A. W., Blake, F. G., Small, J. C. and Rivers, T. M.: 
J. A. M. 72:108 (Jan. 11) 1919. 

4. Lord, F. T., Scott, A. C. and Nye, R. N.: J. A. M. A. 72:188 (Jan. 18) 
1919. 

5. Winchell, A., and Stillman, E..G.: J. Exper. Med. 30:497, 1919. 

6. Stillman, E. G., and Pritchett, I. W.: J. Exper. Med. 29:259, 1919. 
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five times neither the mother nor the child showed the bacillus of 
Pfeiffer in the sputum, although both had colds. In forty-four families 
the organism was found in both the mother and the child, both giving a 
history of colds. The sputum culture of the child was positive, while 
that of the mother was negative in twenty-three instances, though both 
had colds. It happened only five times that the child with rhinitis did 
not show the Pfeiffer bacillus while the mother did. In every one of 
these five instances, however, the mother gave a history of having 
recently had a very severe cold or an “attack of grippe.’’ Cultures 
were taken from five families where neither the mother nor the child 
had colds and no Pfeiffer bacilli were found in a single instance. Nor 
were they found in any member of forty-three families where the child 
had a cold and the parent none. In thirty-eight families the child had 
rhinitis with Pfeiffer bacilli in the sputum, while the parent had no 
cold and her sputum cultures were negative for these bacilli. It will 
be seen, therefore, that the Bacillus of Pfeiffer is passed from the 
parent to the child far more frequently than from the child to the 
parent. 
DISCUSSION 


Among 1,000 cases examined for the presence of the bacillus of 
Pfeiffer in the sputum, the organism was found in 474; and it was not 
found in 526. The number of positive cases rose from 51 per cent. 
(114 of 221) in January, to 58 per cent. (213 of 370) in February, and 
fell to 36 per cent. (147 of 409) in March, paralleling the epidemic of 
respiratory infections which reached its peak in February and declined 
very decidedly during the month of March. The incidence of pneu- 
monia cases fell from thirty-six in February to nineteen in March. 
Other respiratory inflammations with systemic reactions fell from fifty- 
two in February to twenty-three in March. The common colds, on 
the other hand, rose slightly in number from 114 in February to 128 
in March. The percentage of respiratory cases which did not show 
the Pfeiffer bacillus in their sputum increased during the same period 
as follows: 16 per cent. of the pneumonia patients were negative in 
February ; 33 per cent., or double as many, were negative in March. 
Ten per cent. of those patients with respiratory infections severe 
enough to give systemic reaction, but which did not develop pneu- 
monia, were negative in February; 25 per cent. of these cases were 
negative in March. Thirty per cent. of the common colds were nega- 
tive in February, while 44 per cent. showed the absence of the Pfeiffer 
bacillus from their sputum during the month of March. These results 
show that the bacillus of Pfeiffer was present less frequently in inflam- 
mations of the respiratory tract after the decline of the most recent 
epidemic of influenza in New York City. 
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The bacillus of Pfeiffer was present in the sputum of 74 per cent. 
of all the pneumonia cases studied. Eighty-five per cent. of all the 
cases with rhinitis and bronchitis severe enough to produce systemic 
reactions were positive for that organism. Fifty-three per cent. of the 
ordinary colds showed the bacillus; but only 11 per cent. of our con- 
trols carried it. In less than 1 per cent. of these controls who carried 
the bacillus of Pfeiffer was there no history of direct exposure to a 
case of respiratory disease from which we were able to grow the 
Pfeiffer bacillus. It would seem, then, that this bacillus is not a normal 
inhabitant of the normal respiratory tract, but that at the time when 
an epidemic of influenza prevails, it is present in over 50 per cent. of 
all cases of inflammations of any portion of the respiratory tract. Its 
presence in the so-called healthy carriers can, in the majority of cases, - 
be explained by direct exposure to patients who have respiratory symp- 
toms with the Pfeiffer bacillus in their sputum. 

Bloomfield * has shown that influenza bacilli quickly disappear from 
the normal mucous membrane of the mouth, nose and pharynx after 
introduction of a pure culture on the tongue, on the nasal septum 
behind the vestibule, or into the nasopharynx. He suggests that the 
presence of the Pfeiffer bacillus in so-called healthy people may result 
from the persistence of a chronic focus in a sinus or in a bronchus, or 
from contact with an acutely infected person. With this view we 
heartily agree. 

In a previous study * of 290 cases, made at the Babies’ Hospital in 
1909-1910, eighty-five, or 29 per cent., were found to harbor the 
Pfeiffer bacillus in the sputum. Among the eighty-five positive cases 
were nineteen who had no respiratory symptoms; but fifteen of the 
nineteen carriers were nurses who were in close contact with the sick 
children. 

The incidence of the number of cases in which the sputum contained 
the Pfeiffer bacillus was much higher in the present study, made during 
the prevalence of an epidemic of influenza, than it was in 1909-1910, 
when no such epidemic was present. Allowing for improved technic 
in the present series, the increased rate of positive findings, from 29 to 
47 per cent., is still striking. 

Our study further shows that at a time when influenza is epidemic 
in a community, the Pfeiffer bacillus is very commonly present in the 
sputum in cases of common colds, with or without bronchitis, though 
those cases may be unaccompanied by general or systemic symptoms 
and have no relation to the clinical disease, influenza. In the three 


7. Bloomfield, A. L.: Bull. Johns Hopkins Hosp. 31:85, 1920. 
8. Holt, L. E.: Arch. Int. Med. 5:449 (March) 1910. 
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cases in our series in which the bacillus was found in the lungs in pure 
culture a diagnosis of influenzal pneumonia had been made before 
death. 

It has been experimentally shown both in dogs ® and in monkeys *® 
that the introduction of pure cultures of Pfeiffer bacilli into the trachea 
may cause pneumonia. In neither case, however, has the disease pro- 
duced been comparable to human influenza. Many kinds of bacteria 
introduced intratracheally call out an inflammatory reaction from the 
lung substance. Moreover, Olitsky’s ** work points to a filtrable virus 
as the probable etiological factor in epidemic influenza. The bacillus 
of Pfeiffer is probably an early secondary invader whose presence 
modifies the clinical and pathological picture. 

We have brought evidence, then, that the Pfeiffer bacillus is not 
specific to influenza in that it is present in from 50 to 80 per cent. of 
cases of mild respiratory inflammations clinically not related to influ- 
enza. We have further shown that the presence of Pfeiffer’s bacilli in 
the sputum of healthy persons can, in most cases, be traced to direct 
infection from another positive case, and that this bacillus does not 
normally inhabit the normal, human, respiratory tract. It seems to 
grow on any portion of the respiratory mucosa which is congested or 
inflamed. That it is ever the primary cause of these inflammations in 
human beings has not been proved; but that the local and general 
symptoms are influenced by its presence we believe to be true. 


9. Wollstein, M., and Meltzer, S. J.: J. Exper. Med. 16:126, 1912. 
10. Blake, F. G., and Cecil, R. L.: J. A. M. A, 74:170 (Jan. 17) 1920. 
11. Olitsky, P. K., and Gates, F. L.: J. A. M. A. 74: (To be published) 1920. 
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BULLOUS ERUPTION COMPLICATING MEASLES 


FRANK C. NEFF, M.D. 
KANSAS CITY, MO. 


So far as I can ascertain from the literature available, no other case 
of this rare measles complication has been observed in this country. 
Henoch’s* description of the only case he ever saw corresponds in 
nearly every detail with the following case: 


REPORT OF CASE 


S. S., girl, aged 6 years, was in a good state of nutrition and had previ- 
ously been well except for an attack of influenza during the epidemic of 1918. 

She became ill Oct. 31, 1919. She had a temperature of 105 F., congestion 
of the eyes, Koplik’s spots and a cough. November’1, blotches of measles 
were present on the face and neck, and in twenty-four hours had extended 
over the entire body. By this time bullae appeared on the ears, arms and 
rapidly thereafter over the various other regions from 6 to 10 cm. in diameter. 
The eyelids became the seat of blebs so that in attempting to wash the margins 
of the lids the entire epidermis peeled off on contact. At the end of the second 
twenty-four hours of the measles, areas the size of the hand or larger became 
detached from the surface of the chest, abdomen, back and legs. The epidermis 
became wrinkled, rolled up and further denuded. The bullae were easily 
ruptured spontaneously or by contact with the bedclothes or hands. On the 
third and fourth days of the measles exanthem, the most of the body surface 
was involved with this grave complication, leaving much of the true skin 
denuded, reddened, oozing and resembling a burn. Paraffin was frequently 
painted over the surface with the intention of protecting the loosened epidermis, 
but to no purpose. In some portions of the body there appeared vesicles 
limited to the area of the coalescent measles lesion which had become dark 
or bluish and’still easily distinguishable. However, the separation of the epi- 
dermis bore no relation as a rule to the site of the morbillous eruption. The 
eyelids became so swollen as to make it impossible to open them. The lips 
were swollen and covered with hemorrhagic crusts. The epidermis over the 
labiae majora peeled off on attempts to catheterize. The plantar surface of 
the feet became affected last. 

The bullous content was at first macroscopically clear, later cloudy. The 
fluid contained pus cells, but no organisms in smears. Unfortunately, no cul- 
tures were made. The white blood count on the third day of the measles was 
18,000. The urine was never secured for examination, as catheterization was 
impossible, and the scanty urine voided involuntarily only once a day could 
not be collected. 

Delirium was present throughout the disease which was markedly virulent 
from the first day. The temperature remained around 103.5 F., and there 
Was no critical drop as seen usually at the end of the third day of measles. 
Respiratory symptoms were not pronounced; grunting, rapid or embarrassed 
respiration was never present, but pneumonia was regarded as possible—a 
physical examination of the chest being out of the question because of the 
raw surfaces. The child died suddenly in collapse on the fifth day of the 
measles. Permission for necropsy was denied. 


1. Henoch, E.: Zur Pathologie der Masern, Berl. klin. Wchnschr. 19: 195, 
1882. 

2. This case was also seen by my colleagues, Drs. Richard Sutton, derma- 
tologist; Edwin H. Schorer and John Aull, pediatrists, and Watson Campbell, 
pathologist, to all of whom I am indebted for assistance. 
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DISCUSSION 

The complicating exanthem in this case did not at any time resemble 
erysipelas, chickenpox or smallpox, and the lesions were far more 
extensive than are seen ordinarily in pemphigus. In addition to 
vesicles which might or might not conform to the site of the measles 
eruption, there were various sized bullae, some as large as a goose egg. 
But the most pronounced feature of the skin lesion was the far reach- 
ing separation and maceration of most of the superficial layer of the 
skin, which resembled an extensive burn. This gave the case a pitiable 
and hopeless outlook. The bullae began to appear in the first twenty- 
four hours of the measles rash, and thereafter appeared on various 
portions of the body accompanying the measles, but never preceding it. 
The measles eruption was no more pronounced than one sees in well 
marked cases, but the lesions persisted, the color became dusky or 
bluish. No petechiae appeared. The child was markedly toxic 
throughout the course of the disease. 

Because of the extreme rarity of pemphigoid manifestations com- 
plicating so common a disease as measles, one can easily exclude this 
case from being an atypical form of measles. It seems reasonable to 
assume that a second exanthem developing during or shortly after the 
prodromal stage appeared coincidently with the eruptive stage of the 
measles ; that its progressive or malignant nature may have been due 
to the well known lowered resistance to infections characteristic of 
measles. At a time when simple measles would have had a leukopenia, 
this child had a moderate leukocytosis (18,000) which may have been 
due to the complicating exanthem or to bronchopneumonia. One would 
conclude, therefore, that he had to deal here with a distinct exanthe- 
matous disease complicating or secondary to the infection of measles. 


CASES FROM THE FOREIGN LITERATURE 


The first cases described are the four cases of Steiner * in 1874. 
He had seen 6,000 cases of measles and these four children in one 
family having pemphigoid lesions were the only ones of this kind he 
had even seen. The fact that they occurred in one household in the 
same epidemic of measles speaks for the contagious nature of the 
pemphigus. Three of these children recovered. The eruption of the 
vesicles appeared in the first child on the first day after the measles 
eruption, in the second child two days after the same, in the third 
child coincidentally, in the fourth child a half day before the measles 
eruption. New crops of the bullae appeared in the stage of desquama- 
tion. His cases were limited to bullous and pemphigoid lesions. The 
fatal case died in collapse. 


3. Steiner: Morbilli Bullosi Sive Pemphigoidei, Jahrb. f. Kinderh. 7:346, 
1873. 


£ 


NEFF—BULLOUS ERUPTION IN MEASLES 471 


Henoch,? in 1882, saw a girl, aged 4 years, who on the third day 
of the eruption developed bullae, from hazelnut to dollar size, over 
the entire body. This case had practically all the characteristics of 
my case. Henoch states that the measles presented a darkened appear- 
ance, corresponding to what is generally called the hemorrhagic form, 
but after the eruption of the bullae, the skin presented the appearance 
of a high grade burn. The child died on the seventh day in collapse. 
Henoch cites the only cases he could find in literature up to that time, 
which were reported by Carrol in Dublin in 1868, by Gee in the Hirsch 
and Virchow Jahresbericht for 1869, Steiner’s cases in 1874, and 
Klupfel in the Jahresbericht for 1875, and Loschner.* The clinical 
picture of these cases was somewhat varied, but all patients had 
pemphigus ; the last mentioned patient of Loschner died of pneumonia. 
Henoch had seen blebs in scarlet fever (miliary form) and vesicles 
between the lesions of variola. He was at first of the opinion that his 
case was a possible miliary or more highly developed case of measles, 
resulting from an exudation beginning under the epidermis in the 
course of the advanced dermatitis. This opinion he changed, as being 
untenable, as the bullae would then appear only where inflammation 
and redness of the measles exanthem is found. On the contrary, his 
case showed bullae more often between the morbillous lesions on the 
entirely unchanged skin. Steiner observed the bullae in one case 
appearing before the eruption,.and that they continued to appear after 
the measles rash had faded. Henoch thinks he was dealing with a 
complication of acute pemphigus. 

Baginsky,” in 1900, reported the case of girl, aged 13 months, with 
bullous and later gangrenous ulceration of the skin following measles. 
A diplococcus was obtained in pure culture from the blood and organs. 
The child died in collapse nine days after the appearance of the 
measles. 

A. Haeubler ® described in 1900 a case of measles combined with 
acute pemphigus of marked severity and the lesions extensive, but the 
outcome good. 

John Meyer,’ in his thesis at the University of Bonn, in 1898, 
described the cases of three children in a family of four who, during 
a second attack of measles, developed acute pemphigus. In one case 
the blebs appeared before as well as after the measles exanthem. The 
second case occurred several days after the measles in the same epi- 


4. Jahrb. f. Kinderkrankh. 7: 43. 

5. Baginsky: Morbilli bullosi, Arch. f. Kinderh. 28:18, 1900. 

6. Haeubler: Ueber einen Fall von Masern, Combiniert mit Pemphigus 
acutus, Deutsch. med. Wchnschr. 26:533, 1900. 
ie Meyer: Ueber Complication der Masern mit Pemphigus acutis, Bonn, 
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demic. The third case was markedly different, but the pemphigus 
was followed by measles after several days. The children all recovered. 

Leo § also described in 1898 the foregoing cases of Meyer at Bonn. 

Lenier,® in 1902, at the Children’s Hospital, Vienna, had an oppor- 
tunity to observe pemphigus in the case of four children who had 
measles. The first patient had blebs for two weeks, the blebs appear- 
ing eleven days after the eruption of measles. His second patient had 
blebs appear on the second day of the measles. The third patient 
began to have eruption of blebs thirteen days after the appearance of 
measles which lasted two days. The fourth child had the appearance 
of blebs twelve days after the beginning of the measles, the further 
observation of which was not made. All these children recovered. 
None of these patients had fever; the vesicles were followed by scale 
formation, leaving for some time bluish red spots. It is probable that 
these cases were entirely different from the other cases described above, 
and that Lenier had to deal with impetigo. At any rate, the interval 
- before developing was long, the course afebrile, the lesions markedly 
differing, so that they cannot be classed as the same variety of 
pemphigus as is under discussion. 


CONCLUSIONS 


From my case and those above mentioned in the literature, it has 
been observed that a vesicular or bullous eruption has been rarely 
reported with measles. This has preceded, accompanied or followed 
the measles eruption. It has been found both on the site of the measles 
lesion and on the healthy intermediate skin. That the disease is an 
accidental, contagious, coincidental manifestation of the general nature 
of pemphigus, sometimes of virulent type, is probable. The develop- 
ment of a second infection of this type at any time after the beginning 
of the febrile onset of measles, may depend on the lowered resistance 
seen in measles. 


8. Leo: Ueber Coincidenz von Masern und Pemphigus, Jahrb. f. Kinderh. 
47:70, 1898. 

9. Lenier, Carl: Pemphigus contagiosus bei Masern, Impetigo contagiosa, 
Jahrb. f. Kinderh. 55:316, 1902. 


CLINICAL DEPARTMENT 


HEMORRHAGE INTO THE SPINAL CORD AT BIRTH * 


CHARLES W. BURR, M.D. 
Consulting Neurologist te the Children’s Hospital 
PHILADELPHIA 


REPORT OF CASES 


Case 1—W. D., a boy, 4% months old, was admitted to the service of Dr. 
Gittings at the Children’s Hospital, Oct. 10, 1919, having had four convul- 
sions in the preceding twelve hours, and fever and diarrhea for one week. 
The family history revealed nothing of interest, except that of nine brothers 
and sisters, three were stillborn, three died of “summer complaint,” and three 
survive in good health. The birth was a breech presentation and in delivery 
the right shoulder was slightly hurt. The injury was trifling. Weight at birth 
was said to be 10 pounds, the same as on admission. (I suspect that the 
weight at birth was guessed at, not taken by scales.) The child was breast 
fed for one month and then was put on Mellin’s food. The mother’s mental 
level is shown by the fact that she never noticed the vitally important symp- 
toms described below and undoubtedly present since birth. Even when shown 
the palsy of the child’s arms and legs, she did not comprehend it. 

The temperature in the rectum on admission was 102 F., and throughout 
the boy’s illness it ran a very variable and irregular, see-saw course, some- 
times going as high as 102 F. in. the evening, often falling in the morning to 
97 F. and sometimes even to 95 F., never remaining normal longer than a 
few hours. 

Dr. F. H. Leavitt, who made the preliminary examination, reported the 
following findings: “The child lies in bed with the head held rigidly back- 
ward and rotated to the left. His appearance is typical of that seen in acute 
transverse cervical lesions of the spinal cord. His arms are held in the char- 
acteristic position. There is palsy of the external muscles of respiration. The 
pull of the diaphragm causes retraction of the lower ribs and bulging of the 
abdomen. There is a flaccid palsy of both legs, reflex movements in which 
are caused by sticking with a sharp pin. All tendon jerks are abolished in 
both legs. Stroking the sole of either foot causes fanning of all the toes 
but no extension. (Extension is normal at his age.) When fretful, his cry 
is weak because of the palsy of the chest muscles. Deglutition is normal. Both 
pupils react to light; the left is widely dilated, the right normal in size. The 
child probably is too young to accommodate. (At what age a healthy child 
begins to accommodate is still a disputed question.) There is anesthesia of 
the skin and deeper tissues of both legs and trunk.” 

Physical Examination.— The general examination revealed the following. 
There were crepitant rales throughout the chest. The heart was normal. There 
was no deformity of the spine; no pain on pressure along its course, and a 
roentgenogram revealed nothing abnormal. The fluid obtained by lumbar punc- 
ture came out under slight pressure, was clear at first and at the end slightly 
tinged with blood. The cell count was ten and the fluid was free from bacteria. 
The urine was normal; the blood Wassermann and the von Pirquet skin reac- 
tion were negative. There was no leukocytosis. The clinical diagnosis was 


* Read before the Philadelphia Pediatric Society, March 9, 1920. 
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lobar pneumonia and hematomyelia from birth injury. Notwithstanding the 
mother’s statement that she had noticed nothing wrong with the child till a 
few days before coming to the hospital, the history of the birth and the 
answers given by her to questions as to how long the arms and legs had been 
useless (i. e., palsied) made the diagnosis of birth palsy positive. The patient 
died Oct. 19, 1919. 

Necopsy Report—At the necropsy, made by Dr. G. M. Mitchell, there was 
found a right-sided lobar pneumonia with complete consolidation of the lower 
lobe, middle lobe and lower half of the upper lobe. The left lower lobe 
behind was congested. (It is probable that the palsy of the chest walls was 
an important mechanical predisposing cause of the pneumonia, increasing sus- 
ceptibility to bacterial infection of the lung.) There was no evidence of any 
injury to the vertebrae nor were there any signs of an old extradural hemor- 
rhage. The spinal cord, with the membranes, formed, from the fourth cervical 
nerve root to the first dorsal, a soft, apparently fibrous band; above and below 
this area both cord and membranes were grossly normal. The dura nowhere 
showed gross disease on the other surface (Fig. 1). The brain was not removed. 
There were no old or recent hemorrhages in any of the abdominal or thoracic 
viscera. 

Microscopic examination of the spinal cord by Dr. A. J. Smith showed the 
dura mater in the narrowed area to be the seat of a fibrous thickening and 
induration which was more marked posteriorly than anteriorly. The fibrous 


Fig. 1—Spinal cord from Case 1. A indicates the level of hemorrhage. 


stroma contained more young cellular elements than elsewhere and there were 
a number of blood vessels with rather swollen endothelial lining and rather 
cellularized walls. The dura mater here, too, was adherent to the pia mater 
which was thickened. On cross section of the cord the gray matter could 
not be recognized, there were no multipolar cells, and only a few patches of 
degenerated white matter were seen. There was no normal white matter. 
Practically, the cord at this level was completely destroyed. The nerve roots 
outside the cord, and arising above the level of the section, stained well and 
normally. There was ascending degeneration above the area of destruction 
and descending degeneration below. There was no disease of the lumbar 
swelling, barring the descending degeneration. 

Case 2.—J. D., an Italian boy, 3 months old, was admitted to the Chil- 
dren’s Hospital, July 22, 1919, with a palsy of both legs which had existed 
since birth. His parents and three other children are living and well. His 
birth was by breech presentation at full term and, according to the mother, 
“the doctor had pulled too hard.” He almost died at birth and was com- 
pletely palsied from the neck down. When two months old he had one slight 
convulsion. Dr. Leavitt referred him to my clinic at the Orthopedic Hospital. 

Physical Examination——Examination revealed the following: There was 
total and complete flaccid palsy of both legs. All deep reflexes and the plantar 
jerk were absent. The heart beat was 140. In the back, in the region of 
the fourth to sixth cervical vertebrae there was a marked valleylike depression. 
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At rest the forearms were flexed on the arms, the hands extended at the wrist, 
and the middle phalanges flexed. The shoulders were somewhat extended. The 
lower right facial movements were more marked than the left. The fontanelles 
were open. The head was hyperextended. There was some voluntary move- 
ment of the shoulders, less of the arms, none of the forearms and hands. 
Breathing was diaphragmatic. The chest was drawn in and the belly ballooned. 
He moved the tongue well. There was complete anesthesia in the legs and 
trunk. 

He was returned to the Children’s Hospital. No new symptoms appeared. 
Breathing was diaphragmatic. The abdominal muscles were toneless and pal- 
sied. The palsy of the legs continued flaccid with absent knee jerk, Achilles 
jerk and plantar reflex. The pupils responded to light but there was no accom- 
modation. The roentgenogram of the spine showed no disease or deformity 
of the bones. (The depression mentioned above was muscular, not bony.) 
The child died Sept. 9, 1919. A necropsy was refused. 


DISCUSSION 


There is not a very large literature on the subject and in America 
almost no attention has been paid to it. Herbert R. Spencer? reported 
a series of 130 autopsies on fresh, mostly stillborn fetuses in a study 
of visceral hemorrhages in stillborn children. The spinal cord was 
examined in forty-four cases. “In no case was there separation of 
the vertebrae.” (I interpret this to mean that there was no evidence 
of injury to the spine.) “In 5 cases the cord, membranes, and sur- 
rounding cellular tissue were normal; in none of these was traction 
employed. Three were apparently natural vertex deliveries; in one 
case version was employed, followed by natural delivery; in one case 
the forceps was employed to hold the head in the pelvic brim, but 
not to deliver.” In eighteen cases there was congestion or edema of 
the spinal cord. (The personal equation plays a large part with every- 
one in diagnosing edema and congestion at necropsy.) In thirty cases 
there was hemorrhage somewhere within the spinal canal. In six cases 
it was within the spinal cord; in one case into the whole thickness of 
the cord; in four cases into the anterior coruna, in one case into Goll’s 
column in the lumbar region. Six were naturally delivered cephalic 
cases; thirteen were breach or footling cases; four were delivered 
artificially by forceps ; one was delivered by cephalotripsy. In one case 
no record was kept of the method of delivery. Spencer concludes 
that “spinal hemorrhage is greatly favored by the presentation of the 
lower extremity.” This is, he states, “probably due partly to the greater 
compression undergone by the soft parts, and to the consequent driving 
of the blood to the central organs, and partly to traction sometimes 
employed.” 

Discussing the causes of visceral hemorrhage in stillborn children, 
Spencer states: “The hemorrhage must have as cause one or more 
of three factors: (1) Thinness and weakness of the wall of the blood 


1. Tr. Obstetrical Soc. Lond. 33:203, 1892. 
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vessels. (2) Alteration of the blood rendering it more prone to escape. 
(3) Increased blood pressure from (a) asphyxia or other vasomotor 
disturbance or from pressure on veins; (b) squeezing of blood into 
some parts of the body in the act of birth; (c) external violence ruptur- 
ing the vessels at the point pressed upon.” He thinks that syphilitic 
disease of the blood vessels plays little part in the production of hemor- 
rhages. He regards “the normal delicacy of the fetal vessels as the 
one essential feature in the causation of hemorrhage.” In his view, 
asphyxia plays little or no part, except that, combined with other 
causes, it renders hemorrhage more frequent. “Mechanical squeezing 
of blood into some parts of the body during the act of birth is prob- 
ably a frequent cause of hemorrhage.” External violence may rupture 
a vessel, as in a case of apoplexy of the lung produced by pressure of 
the rigid cervix on the child’s thorax. 

Drs. A. H. Davisson and D. J. McCarthy * report a case of trans- 
verse myelitis in a new-born infant. The child could move its head 
and arms, but the rest of the body remained an inert mass. Sensi- 
bility was surely lost up to the level of the xiphoid cartilage. The arm 
reflexes were present. The plantar, knee and abdominal jerks were 
absent. At necropsy, the cervical and highest dorsal cord and the 
lumbar enlargement seemed to be normal. There was flattening from 
the second to the eleventh dorsal. The case is most interesting from 
the point of view of physiology, namely, as regards the much disputed 
question as to whether total transverse lesion of the cord above the 
lumbar swelling causes abolition or increase in intensity of the reflexes 
of the legs. In this case they were absent. The deep reflexes were 
absent in both my cases (normally, the knee jerk is present from birth; 
the abdominal skin reflex appears later), and there was undoubtedly 
a total transverse cervical lesion in both. This is strong evidence, but 
the cerebrospinal apparatus is not complete at birth, the reflexes appear 
at different ages, and in the case of the plantar jerk what is normal in 
babyhood is pathologic later, and it may be that the effect of a total 
transverse lesion is not the same then as in adult life. 

In my first case, the necropsy proves that there was a hemorrhage 
within the cord and a subsequent myeljtis. The second case clinically 
so resembles the first that it is safe to conclude it had the same cause. 

The fact that in thirty out of forty-four of Spencer’s cases of 
stillbirth (or death almost immediately after birth) there were hemor- 
rhages within the spinal canal, while it was within the cord itself in 
only six, is of great interest. It would be interesting to know in what 
proportion of hemorrhages within the cord at birth there are hemor- 
rhages elsewhere in the body, because when hemorrhages are present 


2. Phila. M. J. 11:357 (Feb. 21) 1903. 
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elsewhere, it is safe to conclude that the spinal hemorrhage was not 
caused by direct trauma to the cord, nor the consequence of a vertebral 
dislocation, but that it was the result of asphyxia or squeezing of an 
excess of blood into the organ, thus putting such pressure on the walls 
of the vessels as to rupture them. The explanation of the cause of 
spinal hemorrhage is complicated by the fact that it seems fairly well 
proven, in the adult at any rate, that a momentary dislocation of the 
vertebrae may occur, and if it causes death, the necropsy may not 
reveal any injury to the ligaments, but only a crushed cord. This is an 
accident not likely to happen, however, in a breech presentation. In 
the case here reported, notwithstanding the careful examination made, 
I am still uncertain as to the immediate cause of the hemorrhage. 
There were signs of inflammation in the dura mater which could not 
have, or one would not expect them to have, resulted from a hemor- 
rhage spontaneously arising within the cord, from squeezing of an 
excess Of blood into the vessels. On the other hand, there was no 
evidence that the dura mater had sustained any direct injury, such as 
a bruise or tear by spinal dislocation, nor did the spinal ligaments show 
any injury. Balancing all the evidence, I incline to the belief that the 
hemorrhage was spontaneous and not caused by direct violence, but 
by rupture of over-full vessels from pressure on the soft parts during 
birth. 
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PROGRESS IN PEDIATRICS 


VON PIRQUET’S FEEDING SYSTEM 
HAROLD K. FABER, M.D. 
Associate Professor of Medicine (Pediatrics), Leland Stanford Junior 
University Medical School 


SAN FRANCISCO 


Of the many innovations and ingenuities for which the war was 
responsible, none are more interesting than those which were devised 
and forced into practice in the attempt adequately to feed the peoples 
of belligerent countries on a reduced food supply. There have recently 
come to this country some accounts of the system of feeding, intended 
primarily for children in institutions but later given a much wider 
application, which von Pirquet introduced in Vienna early in the war. 
Von Pirquet has published a book* expounding the system, which is 
not yet available here; his associate, Schick, has, however, given us a 
comprehensive review * of the work, and from this the present account 
is taken. A review of von Pirquet’s original articles has been pub- 
lished elsewhere,? and a short account of his experiences with the 
system is given by von Grober.* The system possesses much matter of 
interest to students of nutrition as an ingenious and novel attempt to 
rearrange the data of nutritional science with the purpose of obtaining 
popular interest and comprehension for scientific feeding, and of 
making the fullest possible ultilization of available foods while obtain- 
ing for each individual his just quota of food and eliminating waste. 
To these ends a thoroughgoing reform of current practice in feeding 
was attempted not only in institutions but in the home, in restaurants, in 
community kitchens and, indeed, wherever groups of people were fed. 

In the Central Empires the necessity of economy with food was, 
of course, felt soon after the outbreak of hostilities because imports of 
food were cut off so early, and these countries customarily depended 
on foreign sources for from 5 to 15 per cent. of their food supply. 
The shortage, as it applied to the civil population, was aggravated by 


1. Von Pirquet, C. F.: System der Ernahrung, Berlin, Julius Springer, 1917. 

2. Schick, B.: Das v. Pirquetsche System der Ernahrung, Ergebn. d. Inn. 
Med. u. Kinderh. 16:384, 1919. 

3. Monatsch. f. Kinderh. 16:4, 1919. 

4. Ztschr. f. Kinderh. (Sonderheft) 18:297, 1918. 
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the necessity of feeding the armies a larger per capita ration than 
had been required by the same individuals during times of peace. 
Increased production was impossible for reasons which it would be 
superfluous to state here; indeed, there was a progressively diminish- 
ing production. An equitable distribution of food was attempted but 
failed because of the refusal of the peasants to cooperate. The only 
available means of securing adequate food supplies for the urban 
populace consisted, therefore, in eliminating waste and in utilizing 
every available food in the most economical manner compatible with 
maintenance of life and working power. 

It was felt that of all the classes of the population none, with the 
exception of the armies, had a greater claim to adequate nutrition than 
the infants and children. It was in the effort to meet this claim that 
von Pirquet, of Vienna, cast about for a plan of scientific food appor- 
tionment which would enlist popular support and hence be put into 
general practice. He felt that there were serious objections to the 
caloric system which robbed it, practically speaking, of any prospect 
of general adoption. The goal he aimed at was a system which would 
first of all be accepted and used on the merits of its own appeal by 
cooks and housewives generally. Given this psychologic acceptability, 
the primary purposes of ensuring a qualitatively and quantitatively 
adequate food supply to the individual, of eliminating waste and of 
making use of the foods which should be actually available, could be 
attained. 

Von Pirquet’s objection to the use of the calorie as the unit of food 
value lay largely in the considerations of popular psychology. His idea 
was that the conception of food units as heat units is so abstract that 
not only the laity but most professional men as well fail to connect 
it with reality and for practical purposes search for a more direct 
means of comparison. Many physicians, for instance, compare foods 
with the egg as a unit of value. Von Pirquet believed that a direct 
comparison unit of this sort would win general acceptance by its direct 
imaginative appeal. Thus the first step in popular education in the 
scientific use of food would be gained. Milk, as the first and only 
specifically physiological food, was selected as his standard of com- 
parison. More exactly, he compares all foods in actually utilizable 
. caloric value to a breast milk of the composition: 3.7 per cent. fat, 
6.7 per cent. sugar and 1.7 per cent. protein. Cow’s milk of the com- 
position: 3.7 per cent. fat, 5.0 per cent. sugar and 3.3 per cent. protein, 
has the same value. This standard milk has a physiologic (utilizable) 
caloric value of 667 large calories per liter. The unit of food value in 
von Pirquet’s terminology is the “nem” (Naehrungs-Einheit-Menge), 
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representing the food (caloric) value of 1 gram of standard milk. A 
nomenclature for the decimal fractions and multiples is provided as 
follows: 
0.001 nem =1 millinem (mn) 
0.01 nem =1 centinem (cn) 
0.1 nem=1 decinem (dn) 
10.0 nem=1 dekanem (dkn) 
100.0 nem=—1 hektonem (hn) 
1000.0 nem=1 kilonem (kn) 
1000 kilonem = 1 tonnenem (tn) 

Of these, the decinem, nem and hektonem are the ones most com- 
monly used in practice. 

Von Pirquet has worked out an elaborate nomenclature for expres- 
sing various interrelationships between body measurements, combining 
abbreviative roots to form a rather startling series of neologisms. 

Si: sitting height. Sta: standing height. Be: standing height 
minus sitting height (leg length). Le: distance from tip of elbow to 
most distant finger tip. Fe: length of foot from heel to tip of first 
toe. Au: circumference of arm just above elbow joint. Ku: greatest 
circumference of head, fronto-occipital. Su: circumference of thigh 
just above knee. Bru: mean chest circumference at level of ensiform 
process. Ke: head length, forehead to occiput. Kei: greatest width of 
head. Gi: body weight without clothes (net weight). Ge: tenfold 
weight. 

Du: divided by; qua: square, or second power; ku: cube, or third 
power; 1: root; lei: second, or square root; li: third, or cube root. 

The nomenclature is best explained by a few examples. The rela- 
tionship between length of the lower extremities, and sitting height is 
called Bedusi (Be, leg length; du, divided by; St, sitting height). Gili 
is the cube root of body weight. Staku is the cube of the standing 
height. Siqua is the square of the sitting height. Stakudugi is the 
cube of the standing height divided by body weight. Gelidusi is the 
cube root of the tenfold weight divided by the sitting height. Geliqua 
is the square of the cube root of the tenfold weight. 

The names most commonly used appear to be Siqua, Gelidusi, 
Geliqua and Gilli. 

Von Pirquet’s next step was to provide a basis for conveniently 
estimating the food requirements of the individual. Here the demand 
was for a measurement which could be inade easily and with reason- 
able accuracy with the simplest apparatus, and which would bear a 
mere or less constant relation to the food requirements of the body. 
Only two methods met these specifications—the measurement of body 
weight, and some linear measurement of the body. Von Pirquet goes 
into an exhaustive discussion of the relative merits of the two methods, 
for the details of which the reader is referred to the original. In gen- 
eral, it may be said that the energy exchange may be expressed as a 
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function of the surface area not only of the skin, but of all internal 
surfaces — of the intestines, blood vessels, serous cavities and, in the 
last analysis, of every cell of the body. Heretofore the energy 
exchange has been brought into relationship with the skin area only, 
as determined by the Vierordt-Meeh formula or one of its modifica- 
tions, from the body weight. Von Pirquet asserts that the formula may 
be applied by the use of a different constant, to the determination of 
the total surface areas of the body, and that the result then gives an 
accurate index of the total energy exchange. The use of the formula, 
however, necessarily involves the derivation of a cube root in every 
case, and for everyday work this is quite impracticable. 

In casting about for a simpler index, von Pirquet conceived the 
idea that intestinal area, as representing the surface which governs the 
amount of food absorbed, would afford a logical basis for estimation of 
food requirements. In calculating intestinal area, he used an observa- 
tion made by Henning in 1881, that the length of the intestine equals 
the sitting height multiplied by ten, and a deduction from various 
observations on intestinal volume that the width of the intestine is 
equal to one-tenth of the sitting height. The latter figure is plainly 
arrived at by guess-work, and must be regarded as largely an arbitrary 
value since the width of the intestine will depend on the degree of 
tension exerted at the time of measuring it. Accepting these figures, 

Si ; 
the area of the intestine can be expressed as 10 Si K —, or Si*, a 
10 
value which von Pirquet terms “Siqua” and uses extensively in his 
system. This ratio is constant throughout childhood and maturity. 

Von Pirquet had previously determined in his series of studies on 
development that there is in normally developed and normally nourished 
individuals a constant relationship between sitting height and weight, 
expressed by the formula, Ge == Si*, from which may be deduced the 
secondary formula, Ge* = Si?, when Ge is 10 X weight.* 


5. Von Pirquet states in another place that in adults with powerful muscu- 
lature and in fat infants Gelidusi (the cube root of ten times the body weight, 
divided by the sitting height) equals 100. The average growing child has a 
Gelidusi of about 94, and in extreme emaciation the figure may sink as low as 81. 
There are certain minor inaccuracies and disagreements in the original. For 
instance, Gelidusi, as employed by von Pirquet, really equals the cube root of 
the tenfold body weight in grams, divided by the sitting height in centimeters, 
multiplied by 100. Further, it is stated, as quoted in the preceding paragraph, 
that in normally developed and nourished soe. Ge*%s = Si*. From this equa- 

tion may be derived Ges = Si, and hence —-—=1, which is equivalent to a 


1 
Gelidusi of 100. My own observations lead me to the conclusion that Gelidusi 
equals 100 only in exceptionally fat children. Gelidusi is much used by von 
Pirquet and his associates as an index of the state of nutrition of the individual 
patient. 
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Since the two-thirds power of the weight has a direct relationship 
with surface areas of the body, it is evident that the sitting height also 
has a similar relationship which is capable of mathematical expression. 
Working from two different starting points, therefore, von Pirquet 
arrived at the same value — the square of the sitting height —as a 
measure of food requirements and the energy exchange of the body. 
The sitting height is easily measured with the simplest apparatus, and 
its application involves squaring only, instead of squaring and cube 
root derivation, as in the case of weight. The imaginative nexus 
between the figure so arrived at and the intestinal area is given as an 
additional argument for the popularity of the system. Von Pirquet 
considers at length the objections which may be offered to his theories, 
particularly as to the slight basis in fact for certain of his assumptions ; 
he answers the objections largely with the statement that his assump- 
tions meet the pragmatic test satisfactorily, since they lead to successful 
results in practice. 

The fundamental question of food requirements and the means of 
estimating them are next taken up. The output of heat by the body — 
as determined by direct calorimetric methods— is rejected as an 
unreliable measure of the working needs. “Such conditions’— those 
of direct calorimetry —“are only exceptionally met with in life, as 
for.instance, in the bedridden invalid. In normal times we do not fast 
but are accustomed to satisfy several times a day the impulse to eat. 
The active, growing child and the man doing bodily work show quite 
different combustion processes than in the physiologic experiments 
of Rubner. The working man, thinks von Pirquet, does no work for 
the purpose of keeping his temperature from falling. On the contrary, 
he must throw off the excess of formed heat by sweating. The heat 
formed by the body is not the main goal of the life process but its 
side-product.” Food needs are best measured—and in a large series 
of observations, most accurately — by the actual amounts of food 
spontaneously ingested under the various conditions of life. Using 
this method, von Pirquet and his associates measured the amount of 
food taken without limitation by an unstated number of individuals of 
various ages for 30,000 trial days, deducing from the figures so obtained 
an estimate of minimum, optimum and maximum intake values. These 
values they proceeded to correlate with the sitting height. They give 
the following definitions : 

The minimum intake is that quantity of food which just covers the 
healthy body’s needs for so-called internal work. It is the amount of 
food required by an individual during complete rest in bed to maintain 
a constant body weight. 


fi 
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The optimum intake is the least amount of food which will permit 
(a) an infant to perform his usual activities and to gain in weight 
and to grow at the normal rate; and (b) an adult to perform his cus- 
tomary work while maintaining a constant weight. 

The maximum intake is the greatest amount of food which the 
intestinal canal can handle without injury. 

The optimum varies greatly with age and occupation. In calculat- 
ing the daily ration, we must cover, first of all, the needs for internal 
work (minimum intake) and add thereto amounts of food sufficient to 
cover the needs for all other activities and functions carried on by the 
individual. In conditions of disease the optimum may equal the mini- 
mum. On the other hand, when the most arduous work is done, or in 
the case of wet nurses who have to nurse both their own and another 
infant, the optimum may reach the maximum. As a rule, of course, 
the optimum stands somewhere between minimum and maximum. 

The minimum quota as related to the sitting height is determined 
from the following formula: 


0.3 nem X Si*® (3 decinem Siqua) 


The food requirements of the individual are determined by additions 
to this minimum of the quotas for growth, fat deposit (Fettansatz), 
and muscular activity according io his conditions of life, as follows: 


Muscular activity: 
Muscular activity, early infancy; more active 
0.2 n Si 
Light manual standing work; active playing (chil- 


The maximum is stated to be 1.0 n Si. 


In explanation of the method of practical application, the following 
examples are given: 


Infant in first half year: 


The food needs of this infant in terms of grams of standard breast 
milk will, therefore, equal the square of the sitting height in centi- 
meters multiplied by 0.5-0.6. If the sitting height is 35 cm., the require- 
ment is 35? & 0.5 (0.6) = 1225 & 0.5 (0.6) = 612.5 (735) gm. stand- 
ard breast milk. 


{ 
| 
! 
i 
] 
| 
} 


? 


484 AMERICAN JOURNAL DISEASES OF CHILDREN 


Infant in second year: 


Muscular activity, according to degree............ 0.2-0.4 
Adult in light sedentary occupation : 


Adult in very heavy manual work: 


If the last mentioned individual has a sitting height of 90 cm. his 
food requirement in terms of standard milk will be 


90? & 1.0 = 8100 gm. milk (or 8100 nem, or 81 hektonem) *® 


It is interesting to note that, according to von Pirquet, a child in 
the second year, because of the greatly increased muscular activity, 
requires more food, relative to his sitting height, than an infant in the 
first half year, a time when, according to opinions generally held, the 
caloric needs per unit body weight are greatest. Another statement of 
interest is that during puberty the requirement is 0.7-0.8 n Si’, a figure 
which is comparable with that of an adult performing hard manual 
work. 

While there is admittedly a large amount of empiricism in the 
methods by which the standards have been established, there is. a 
readily available check on their accuracy in the maintenance of normal 
growth in infants and of constant body weight in adults. This check 
has been freely applied and the claims for accuracy thus substantiated 
by von Pirquet and his associates. 

The system was, of course, intended to be given its widest applica- 
tion in group feeding. Up to the present it has been used in hospitals, 
feeding clinics, sanatoria and community kitchens mainly, but is begin- 
ning (1918) to be used in private homes as well. Von Pirquet hopes 


6. While the authors do not use the calorie at all, it will be noted that two- 
thirds of the nem value equals the caloric value. 


3 
Adult in standing occupation, moderately severe: | 
1 
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that eventually it will be used also in large industrial establishments 
and perhaps in armies. 

To make group feeding by the new method easier von Pirquet 
called for a revision of cooking books so that the recipes will specify 
ingredients in unit quantities, preferably in hektonem (hn). In several 
clinics and hospitals in Vienna a revision of this sort has been made. 
Lacking such standard recipes, the quantities at present specified can 
be calculated in nem units. The accompanying table will give an idea 
of the values for some common foods, together with the protein con- 
tent, which is also taken into account. 


TABLE SHOWING “NEM” CoNnTENT OF Foops 


Nem As Purchased * As Prepared Gm. per 
per Gm. in Kitchen 
6.7 (20/3) | Cracklings 4, fat sausage 1, whole milk powder 2 ........................ 15.0 
5 | Ham 3, smoked meat 3, fresh meat (fat) 2, skim Pastries 1 20.0 


milk cheese 4, whole milk cheese 3, sweetened 
condensed milk 1, legume flour 2, grain flour 1, 
dry flour paste preparations 1, zwieback 1, 
rice 1, starch flour 0, honey 0, syrup 0, skim 
milk powder 4, dried haddoek 7 


4 Fish roe 4, blood sausage 1, dried legumes 2, fine .....................4.. 25.0 
wheat bread 1, dried dates H 
3.3 (10/3) | Unsweetened condensed milk 2, graham bread 1, | Marmalade 0 30.0 
dried vegetables H-3, mushrooms 3 


3 Black bread 1, sardines 5, smoked sprats 4........ | Light pastries 1 33.0 
2.5 (10/4) Fresh meat (medium fat) 4, fresh fish (fat) 4,| Prepared meats 6 40.0 
eggs 3, chestnuts 1 } . 
Fresh meat (lean) 6, fresh liver and kidneys 5 | Double food**; corn 500 
| 


tw 


meal mush 1, pre- 
pared vegetables: 
legumes 2, spinach 1, 
cabbage H, rice H 


1.5 (8/2) | Calf brains 8, fresh herring 7............c00s-s0s. Prepared fish 1 67.0 

1.25 (5/4) | Lungs, blood 7, fresh fish (lean) 7, potatoes H, |...............ceeeeeees 80.0 
fresh haddock 7 

1 Woman's milk 1, cow’s milk 2, green peas 2, wine Equivalent foods** 100.0 


grapes H, sweet grapes H, bananas H, figs H _— Prepared vegetables: 
potatoes H. milk 
dishes 1, thick soup 1 


0.67 (2/3) | Fresh fruit H, fruit juices 0, celery 1.............. 150.0 
0.5 (1/2)  Centrifugalized skim milk 4, string beans 2, car- Half foods**: 200.0 
rots 1, fresh onions 1 | Thin soup 1 
0.4 (4/10) | Fresh spinach 38, soup greens 1, cabbage and | rs 250.0 

eaulkflower 2, turnips 1, fresh mushrooms 3 | 
0.25 (1/4) | Asparagus 1, tomatoes 2 400.0 
0.2 (2/10) | Lettuce 2, cucumbers 2 500.0 


* The number to the right of the food is the protein value; 0, no protein; H, half. The 
unit of protein is 0.1 nem per gm., the value in woman’s milk. 

** Double foods, equivalent foods and half foods contain respectively twice, the same and 
half the nem values per unit as woman's milk. 


Wherever there is a group to be fed by the new system, the mem- 
bers are measured and divided into subgroups, according to sitting 
height, of individuals having the same food requirement. In practice 
the food requirements of the individuals are determined and reduced 
to the nearest 5 hn. Individuals requiring 10, 15, 20, 25, 30, 35 hn, etc., 
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are placed in corresponding groups designated I, Ia, II, Ila, III, Ila, 
etc. The physician or director of the service then determines the total 
number of food units required daily for the group. Thus, if there are 
fifty-five children, the calculation will be made somewhat as follows: 


Group Tia, 20 25 hn = 500 hn 
11 35 hn = 385 hn 


The exact amount of food required daily is thus found and the 
dietitian orders accordingly. The dietitian or cook makes up the menu 
which is varied according to desire, expense and the foods actually 
available. | 

In serving the meals at one of the clinics, the children were seated 
at benches or tables which served to mark off the different feeding | 
groups. Liquid foods were measured out in calibrated ladles. Solid 
foods were weighed en bloc as prepared and then divided in aliquot 
portions. The different groups simply received different amounts of 
the same dishes. The result was that each child received the exact 
amount of food he required and that, because of the accurate pre- 
determination of the whole amount needed for the group there was 
no waste in the kitchen. 

As regards infant feeding, von Pirquet has worked out a simplified 
system of milk modification, involving dilutions and additions with 
what he calls “equivalent” and “double” foods. An equivalent food 
contains the same number of food units per unit volume as the stand- 
ard milk, and a double food, twice the number. An example of the 
former — and the one most commonly used—is 17 per cent. cane 
sugar solution. Dilutions of milk with this solution in any proportion 
have the same food value per unit volume as milk itself, so that no 
further calculations are necessary than in the case of undiluted miik. 
Gruels are made up to twice the food value of milk and are the com- 
mon type of double food. When a-gruel feeding is substituted for a 
milk feeding it is therefore given in half the quantity, and no further 
calculation is necessary. As an example of how simply the plan works 
out, the case of an infant 4 months old, with a sitting height of 38 cm. 
is considered. The food requirement is 0.5 n Si*, or 0.5 & 38, or 720 n. 
The clinician decides that the child can take a half-and-half mixture, 
which is made by diluting 360 c.c. of milk with 360 c.c. of a 17 per cent. 
cane sugar solution. The mixture is divided into six bottles of 120 c.c. 
If it is desired to substitute a gruel feeding, 60 c.c. of gruel is the ‘ 
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equivalent amount. The correct amount of meat, vegetables, cereals, 
etc., to be added to meet the requirement when the change to a general 
diet is made can be easily found from the table of food values. 

The question of protein requirements is discussed and a novel 
method of estimating them presented. Arguing from the protein con- 
tent of breast milk, von Pirquet says that if man at the time of most 
intense growth requires only 10 per cent. of his food values in the form 
of protein, this quota should be enough—at least as a minimum—for 
any later period of life. He believes that the function of protein is 
not only to replace worn-out tissue and to supply material for new 
tissue, but also to make possible an adequate supply of digestive fer- 
ments which must stand in close relationship to the amount of food 
ingested. He, therefore, favors the expression of protein needs as a 
fraction of the total food requirement, rather than as an absolute 
quantity. It seems probable from the fact that in animals the mini- 
mum has been estimated as 5 per cent., that the human minimum is 
somewhat less than 10 per cent. of the total food intake. The com- 
parison of the protein requirement calculated on the basis of 10 per 
cent. of the total food with the figures given by other investigators is 
interesting. 

The average adult requires approximately 3,500 nem per day. His 
protein requirement, then, would be 350 n. Since protein has a value 
of 6 n per gram, the protein requirement would be about 60 gm. — far 
less than Voit’s average figure of 115 gm., nearly that of the American 
investigators and considerably more than Hindhede’s minimum figure 
of 39 gm. per day.’ 

While allowing a moderate increase for those engaged in hard 
manual labor (up to a maximum of 20 per cent.) the use of protein as 
a fuel food is strongly condemned on grounds both of health and of 
economy, and is compared to the use of fine furniture or violins in 
building fires. 

Fat, in von Pirquet’s opinion, is not a fundamentally essential 
article of diet, except as a requisite in cooking technic. It is purely a 
fuel food with a high value per unit volume, elaborated by Nature for 
the sake of compactness. It can be replaced entirely by carbohydrates, 
without harm to the organism. 

The following quotation is of interest: “It has often been pointed 
out that while there is no fat minimum, the exclusion of fat would 
withdraw substances (lipoids, vitamins) which are important to life. 


7. Calculating from the average figures for mature breast milk published by 
Holt, Courtney and Fales: fat, 3.27 per cent.; sugar, 7.50 per cent.; protein, 
1.15 per cent.; protein supplies only 7.15 per cent. of the calories. 
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Von Pirquet could see nothing in practice which really corresponded 
with this theoretical consideration. The objection is at present still a 
theoretical one, but certainly requires further proof.” And the fol- 
lowing remarkable experiment is recorded: “The attempt was con- 
tinuously successful to feed infants from birth for months (the experi- 
ment lasted about twelve months) with centrifugalized skim milk, 
without demonstrable disturbance in a child which could in the slightest 
degree be related to the food. The fat was replaced by equivalent 
amounts of cane sugar. Even as regards the lessening of immunity to 
infectious diseases there was nothing to be noted.” 


| 
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